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(54) Process for the preparation of high molecular lactic copolymer polyester 


(57) The present invention provides a process for the 
preparation of a decomposable lactic copolymer polyes- 
ter which exhibits a sufficiently high molecular weight, 
heat resistance and thermal stability and further exhibits 
a rigidity, flexibility and transparency depending on the 
purpose. A novel process for the preparation of a high 
molecular lactic copolymer polyester is provided, which 
comprises allowing a lactide (A), a polyester terminated 
by hydroxyl group at both ends (B1 ), a polyvalent carbox- 
ylic acid having 3 or more functionalities and/or acid 
anhydride thereof (C) to undergo ring opening copolym- 
erization in the presence of a ring opening polymeriza- 
tion catalyst (D). A novel process for the preparation of 
a high molecular lactic copolymer polyester is also pro- 
vided, which comprises allowing the lactide (A) and the 
polyester (B1 ) to undergo ring opening copolymerization 
in the presence of the catalyst (D) to prepare a polyester, 
and then reacting the polyester with the component (C). 
A novel process for the preparation of a high molecular 
lactic copolymer polyester is further provided, which 
comprises reacting the polyester (B1 ) with the polyvalent 
carboxylic acid component (C) to obtain a polyester ter- 
minated by hydroxyl group at both ends having a weight- 
average molecular weight of from 10,000 to 300,000 
(B2), and then allowing the polyester (B2) and the lactide 
(A) to undergo ring opening copolymerization in the pres- 
ence of the catalyst (D). Another novel process for the 
preparation of a high molecular lactic copolymer polyes- 
ter is provided, which comprises allowing a dicarboxylic 
acid, a diol and the polyvalent carboxylic acid component 
(C) to undergo dehydration reaction and/or deglycolation 
reaction to obtain a polyester having a weight-average 
molecular weight of from 10,000 to 300,000 (B3), and 
then allowing the polyester (B3) and the lactide (A) to 
undergo ring opening copolymerization in the presence 
of the catalyst (D). A formed or molded product of a high 


molecular lactic copolymer polyester prepared by the 
novel preparation process is also disclosed. 
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FIELD OFTHF INVENTION 1 ' O 

anate in the preparation of a .actio ca^^SS^lS^ ' * P ° ly1UnCtional P^len, isocy- 

^trarilyvaryingt^ *™* a hi 9 he ' -noheuhr weight while 

topreParen ^ 

— tr«^ .actio copo-yme, acceding to the 

blow molding and press molding. Thus th! tecTL^ 

forming or molding by means of any Sg ^ the present inventi °" «" be subjected to 

^othepresentinventionisuseJ^^^^^ 
is resin for wrapping material. 9 ^**" k fesin ' a dhes.ve res.n, etc., particularly as molding 

cupc^^ 

include lap wrapping t^^i^^^J^^ ^ COp0 * mer of *e present invention 
market bag, standard bag and double b^i^- J^JT^ matena '" and such a * trash bag, super- 

» fishing materia, include Kt^? * ^ " J**" « 

net. laver farming net. and fishing line. Examples of STSSSS^JSS.^ T" 9 "* SaP " ng P< * ,ishin9 
.nclude paper diaper, and sanitary napkin Examples of 122! ?^ be US6d aS Sanitaf y P roduc,s 
include artificial kidney, and stitching fiber. Examp, es of the btw mtC h ^ ™ be ^ 35 medical P roducte 
apply include shampoo bottle, cosmetics bottle drink tTJl^tfjT^ !° the pr6Sent inven,ion « 

» the present invention can apply inc.ude tray, one wa £ le ^T^ ^^ to Whi ° h 

Examples of the injection-molded products to which ZZT , P ' me9a P hone 
core, candy's sticK brush, toothbrush, 5 "^^ ^ ^ 9 °' f ,6e ' 

disposable spoon and folk, and stationary such as ^0^ ' ° f t3pe " 

buffer, buffer, packing mateL.^ 
BACKGROI IM P QF THF INVENTION 

a lactic polymer. Further, many proposals for the process fo tL ^^ ? of P rocess the preparation of such 
for patent. However, the conventional lactic add or^S add wX ST ' m"* ' If* P °' ymar haVe been applied 
wrth other monomers leave something to be desire? n Slhr, P °' ymer ° f lactides ' or copolymer of lactide 

' is disadvantageous in that it decors too SToZZZ TaolZ^ ** The P ° ,ylaCtic acid 

It has thus been keen.y desired to ^ *»* in ^cations. 

International Disclosure No WO 91/0201 s (bL ~V 
= ha,ate and P o,ybu„ene terephthalate with 

~ ^ a process which comprises the reaction of 

Polymers, i.e., ester exchange JSL of two S^^S^iT^^ C ° mPfiSeS of 
ature as high as 220 °C. However. preparatio processes dS! h ^ Wter ^ at a temper- 
reaction of polymers. Processes described .rr the examples are limited to the ester exchange 

discloses access Pushed Japanese paten, application", 

Polymer of a pontic acid with a polyene « 

polyester with a lactone is disclosed^ JP-B-4S I£ VOhSl^SZ' T* ** r6aC,in9 3 Crystalline aromatic 
patent publication") and JP-B-48-41 16. In accordance witti 11. ml!!! " meaPS 3n " examined Ja Panese 

with a lactone, particularly e-caprolactone or 

y-valerolactone S 3 Cr ^ sta,, ' ne aroma ^c polyester is reacted 


comprises the reaction of lactono^disclosed in JP-B-48-41 1 5 and JP-B-48-41 1 6 isjAi£advantageous in that the resulting 
• * copolymer is opaque and flexibly Jid thus is not preferred as a molding resin. ( ) 

It is generally well known that the preparation process which comprises the reaction of monomers, i.e., the reaction 
of a dicarboxylic acid component or its esterif ied product with a diol component and a cyclic ester such as lactide, cannot 
5 provide a higher molecular weight. Further, the preparation process which comprises the reaction of polymers is imprac- 
tical in that the decomposition temperature of the polylactic acid is much lower than the temperature at which the aromatic 
polyester such as polyethylene terephthalate and polybutylene terephthalate becomes fluid. 

Moreover, the resulting lactic copolymer polyester is brittle and exhibits a poor transparency because the aromatic 
polyester is crystalline and exhibits a high melt temperature and a poor compatibility with other compounds. JP-A-63- 
w 1 45661 proposes a process for the preparation of a copolymer of a lactide with an aliphatic polyester which comprises 
the polymerization of e-caprolactone to obtain a homopolymer which is then block-copolymerized with a lactide. 

However, the above-proposed process which comprises the block copolymerization of a poly(e-caprolactone) with 
a lactide is disadvantageous in that the resulting copolymer becomes cloudy and opaque. This is probably because that 
the polyfc-caprolactone) block and the polylactic acid block in the copolymer are hardly compatible with each other and 
15 the aliphatic polyester in the poly(e-caprolactone) chain reflects a high crystallinity to opacify the copolymer. Further, the 
copolymer thus obtained normally stays flexible despite of its relatively high glass transition point determined by differ- 
ential thermal analysis. 

To summarize these conventional techniques, polymers provided with a sufficient strength, heat resistance and 
thermal stability exhibit an insufficient flexibility and transparency. On the contrary, polymers provided with a sufficient 
20 flexibility and transparency exhibit an insufficient strength, heat resistance and thermal stability. Thus, polymers provided 
with properties satisfactory enough for resins to be formed into film or sheet have not yet been obtained. 

Further, if a lactide to be incorporated as a residual monomer is used as a plasticizer to plasticize the polymer, the 
remaining lactide sublimates, scatters and then attaches itself to the apparatus during preparation, contaminating the 
apparatus. Moreover, the lactide disappears from the polymer during storage or while in use, the desired plasticizing 
25 effect disappears and things wrapped by the wrapping material can be contaminated. 

If an ordinary plasticizer is used instead of lactide, it must be used in a large amount to attain a sufficient plasticizing 
effect. Thus, the plasticizer unavoidably bleeds out, and the problems such as the disappearance of the desired plasti- 
cizing effect during storage and the contamination of things wrapped by the wrapping material could not be solved. 
Accordingly, polymers provided with properties satisfactory enough for the application as wrapping materials have not 
30 yet been obtained. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a process for the preparation of a decomposable lactic 
35 copolymer polyester which exhibits a sufficiently high molecular weight, heat resistance and thermal stability and further 
exhibits a rigidity, flexibility and transparency depending on the purpose. 

The foregoing object of the present invention will become more apparent from the following detailed description and 
examples. 

The inventors made extensive studies to solve these problems. As a result, the following knowledges were obtained. 
40 in some detail, the following processes are proposed: 

A process which comprises the reaction, as essential components, of a lactide and a polyester comprising an 
aliphatic dicarboxylic acid component and/or aromatic dicarboxylic acid component and/or polyvalent carboxylic acid 
component having 3 or more functionalities and a diol component in various formulations; 

A process which comprises the reaction, as essential components, of a lactide, a polyester comprising an aliphatic 
45 dicarboxylic acid component and/or aromatic dicarboxylic acid component and a diol component in various formulations 
and a polyvalent carboxylic acid having 3 or more functionalities; 

A process which comprises the reaction, as essential components, of a polyester obtained by the reaction of a 
polyester comprising an aliphatic dicarboxylic acid component and/or aromatic dicarboxylic acid component and a diol 
component in various formulations and a polyvalent isocyanate having 2 or more functionalities and a lactide; or 
so A process which comprises the reaction, as essential components, of a lactic copolymer polyester obtained by 

the reaction of a lactide with a polyester comprising an aliphatic dicarboxylic acid component and/or aromatic dicarboxylic 
acid component and a diol component in various formulations and a polyvalent isocyanate having 3 or more function- 
alities. 

In accordance with the foregoing proposed processes, the decomposition of the monomers during forming or mold- 
55 ing can be controlled. Forming and molding can be effected at wider temperature ranges. Further, the resulting polymer 
can be provided with a higher molecular weight. Accordingly, the polymer thus obtained can be provided with a higher 
strength and a higher thermal stability during forming or molding. 

Further. the copolymerization of a hard hydroiyzable polylactic acid with a hydrophobic polyester can provide a less 
hydrolyzable polymer. Moreover, the proportion of the aliphatic dicarboxylic acid component and the aromatic dicarbo- 
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SkT! 6 ?" b t arbitrari ' y T{ ° r the pr0por,ion of the to be copolyr^ized with these comoo 
nents can be arbitrarily varied to prepare? bus lactic noi vector n ^„J„ x. *i 7 \ compo- 

an amount that the weight ratio of (AWB1 ) is from . ?„ S ( ?i 9 9 ° Pening co P o| y™rization in such 

artf/or add anhydride thL,i (0) fcTiSVta! 00 ^f »»a having 3 or rno, e fartonalites 

35 that the weight ratio of (A),(B3 i from 5^ to 98/2 hl£ SSSLT? ° PemnS C ° P ° ,ymerization in such a " amour* 

to 300 000 and then rSna 2 E SlTS T^f 9 8 wei 9 ht " avera 9e molecular weight of from 1 0,000 

amount that h CrS^S^ "S? 3 m h ™ h 

the components (A) and (B1) P °^ m ,soc y anate ( F > * from 0.01 to 5 % by weight of the sum of the amount of 

. PO-yes,;^ ~" - a ^gh mo,ecu,ar lactic copper 

molecular weight of from 5 0.000 S 200 00^ > ^ W * b0th end5 (B1 > has a ^-average 

hSor l*,*r PriP r 0n ° f 3 N9h m ° ,eCU,ar ' aCtiC C0p0lymer P°'^ * 
of from 20.000 toeoo 000 haS 3 W6i 9 ht - av ^ mo.ecu.ar weight 
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The present invention also ^'yrns the process for the preparation of a high p^cular lactic copolymer polyester 
as defined above, wherein a stav.. mixer is used as a polymerization reaction vesl . And a continuous polymerization 
apparatus comprising a series connection of two or more agitated reaction vessels is used. 

Moreover, the present invention concerns a formed or molded product of a high molecular lactic copolymer polyester 
5 prepared by the preparation process as defined above. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be further described hereinafter. 
10 The lactide, polyester terminated by hydroxyl group at both ends, polyvalent carboxylic acid having 3 or more func- 
tionalities, diisocyanate and polyvalent isocyanate having 3 or more functionalities as used herein will be sequentially 
further described hereinafter. 

The lactide employable in the present invention is a compound obtained by the cyclic esterification of lactic acid 
between two molecules of the acid or a monomer having stereoisomers. Examples of the lactide employable in the 
15 present invention include L-lactide made of two L-lactic acids, D-lactide made of two D-lactic acids, and MESO-lactide 
made of L-lactic acid and D-lactic acid. 

A copolymer comprising L-lactide or D-lactide alone crystallizes to exhibit a high melting point. The high molecular 
lactic polyester of the present invention comprises these three lactides in combination to realize desirable resin properties 
corresponding to the purpose. 

20 In order to realize high thermophysical properties, the content of L-lactide is preferably not less than 75 % of the 
total content of lactides. In order to realize still higher thermophysical properties, the content of L-lactide is preferably 
not less than 90 % of the total content of lactides. 

Examples of the polyester terminated by hydroxyl group at both ends (B) employable in the present invention include 
aromatic polyester made of aromatic dicarboxylic acid component and diol component, aliphatic polyester made of 

25 aliphatic dicarboxylic acid component and diol component, and aliphatic aromatic polyester made of aliphatic dicarboxylic 
acid component, aromatic dicarboxylic acid component and diol component. 

The aromatic dicarboxylic acid component to be incorporated in the polyester employable in the present invention 
is not specifically limited. Specific examples of the aromatic dicarboxylic acid component include phthalic acid, isophthalic 
acid, terephthalic acid, naphthalenedicarboxylic acid, and phthalic anhydride. Other examples of the aromatic dicarbo- 

30 xylic acid component include esters of alcohols and diols with phthalic acid, isophthalic acid, terephthalic acid, naph- 
thalenedicarboxylic acid,. etc. 

The aliphatic dicarboxylic acid component to be incorporated in the polyester employable in the present invention 
is not specifically limited. A C 4 _ 14 aliphatic dicarboxylic acid is particularly preferred. Specific examples of such ah 
aliphatic dicarboxylic acid include succinic acid, adipic acid, azelaic acid, sebacic acid, brassylic acid, and cyclohexan- 
35 edicarboxylic acid. Besides these aliphatic dicarboxylic acids, dimer acids can be used. 

As the diol component to be incorporated in the polyester there may be used any diol. Particularly preferred among 
these diols is a C2-10 diol. Specific examples of such a diol include ethylene glycol, propylene glycol, butylene glycol, 
pentanediol, hexamethylene glycol, octanediol, neopentyl glycol, cyclohexanedimethanol, xylene glycol, diethylene gly- 
col, triethylene glycol, dipropylene glycol, dibutanediol, 3-hydroxydipivalyl pivalate, and hydrogenated bispheno! A. 
40 In order to enhance the transparency of the copolymer thus obtained, neopentyl glycol is preferably incorporated 
therein in an amount of not less than 20 % by weight of the diol content. The molar ratio of the dicarboxylic acid component 
to the diol component is preferably about 1 . 

The high molecular lactic copolymer polyester obtained according to the present invention can be formed into a 
sheet having a strength ranging from a high value to a low value (flexible sheet). In some detail, a sheet having a tensile 
45 viscoelasticity of from 500 to 50,000 kg/cm 2 can be obtained. 

In the present invention, both the aromatic polyester and the aliphatic polyester free of aromatic ring can be used 
as starting materials. In this case, too, both the polyesters preferably have a weight-average molecular weight as high 
as not less than 1 ,000, particularly from 1 0,000 to 200,000. 

The weight ratio of the aromatic polyester to the aliphatic polyester is not limited. In order to maintain a practically 
50 sufficient strength, flexibility and transparency, the content of the aromatic polyester and the aliphatic polyester are 
preferably from 1 to 49 parts by weight and from 1 to 49 parts by weight based on 1 00 parts by weight of the sum of the 
amount of the aromatic polyester and the aliphatic polyester, respectively. . 

The aromatic polyester, aliphatic polyester and aromatic aliphatic polyester employable in the present invention each 
preferably exhibit a melting point or softening point, whichever lower, of not higher than 200 °C, particularly from 80 to 
55 190 °C. The aromatic polyester may be either crystalline or amorphous but is preferably transparent. 

A commercially available polyethylene terephthalate for general purpose normally exhibits a softening point of 220 
to 255 °C that is not suited for the preparation process of the present invention. When a special polyethylene terephthalate 
having a softening point as low as not higher than 200 °C is used in the process for the preparation of the copolymer of 
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the present invention, a non-colored high/secular excellent lactic copolymer can be obU*d. The melting point as 
defined herein is determined by differentia Janning calorimetric analysis (DSC). 'J 

In the present invention, a high molecular jactic polyester having a higher molecular weight can be provided by 
subjecting at least one polyvalent carboxylic acid and/or acid anhydride thereof in combination to esterification Further 
5 since branches are introduced into the polyester, the molecular-weight distribution of the polyester is widened Moreover" 
a metal reacts with a carboxyl group having 1 or more functionalities in the polyvalent carboxylic acid and/or acid anhy- 

phys^rpSlrties 0 " 16 ^ 6 P °' ymer ' ^ 3 reSUlt ' P0ly6Ster 66 forme<j iPt0 a fi ' m ° r Sh6et having exce,,e " t 
Examples of the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof include 
w trimesic acid, propanetricarboxylic acid, trimellitic acid, trimellitic anhydride, pyromellitic acid, pyromellitic anhydride 
benzophenonetetracarboxylic anhydride, cyclopentatetracarboxylic anhydride. 1.3.5-cyclohexanetricarboxylic acid' 
cyclohexanetetracarboxylic acid, and cyclohexanetetracarboxylic anhydride. Particularly preferred among these com- 
pounds are tnmell.t.c anhydride, and pyromellitic anhydride. These polyvalent carboxylic acid and/or acid anhydride 
thereof may be used in admixture as necessary. 
is The polyfunction^ isocyanate as used herein preferably has two or more isocyanate groups, particularly only iso- 
cyanate groups as functional groups. In order that the resulting urethahe bond-containing lactic polyester substantially 
has a linear structure, a bifunctional isocyanate is preferred. 

Specific examples of such an isocyanate include hexamethylene diisocyanate, tolylene-2,4-diisocyanate tolylene- 
2.5-d.isocyanate, toluene diisocyanate, xylylene diisocyanate, diphenylmethane diisocyanate, 1 .5-naphthylene diisocy- 
20 anate, isophorone diisocyanate. hydrogenated diphenylmethane diisocyanate, diisocyanate-modified polyether diiso- 
cyanate-modified polyester, and mixture thereof. 

In order to obtain an urethane-containing lactic copolymer polyester which exhibits a high thermal stability during 
formation, a polyfunctions isocyanate having 3 or more functionalities can be preferably used in particular 

In this case, the resulting polymer is branched. In order to obtain such a polymer, a compound obtained by modifying 
25 a polyvalent alcohol by a b.funct.onal isocyanate. e.g., bifunctional isocyanate-modified pentaerythritol, the foregoing 
polyvalent .socyanate-modified polyether. similar polyvalent isocyanate-modified polyester etc can be used 

As the polyfuncbonal isocyanate (E) employable in the present invention there can be used a combination of several 
polyfuncfonal .socyanates. For example, a small amount of an isocyanate having 3 or more functionalities may be used 
so mo^Srweight 3 0nal isoc y ana,e to cause reacti ™ without gelation, making it possible to provide a higher 
P'eferredconditi^ 

3 or more funct.onal.ties. the d.isocyanate, the polyvalent isocyanate having 3 or more functionalities and the desired 
high molecular lactic copolymer polyester according to the present invention will be described hereinafter 

35 irJm^TZ^T ated bV K ydr0Xy ' 9r ° UP 31 b ° ,h 6ndS (B1) Pre,erably has a "eight-average molecular weight of 
35 rom 10.000 to 200^)00 or a number-average molecular weight of from 5.000 to 100,000 for the purpose of increasing 

the molecular weight of the resulting lactic copolymer. 

From the standpoint of the solubility and ease of preparation of the polyester terminated by hydroxy! group at both 

m S ' * o^o e . l t6rm nat6d by hydr ° Xy1 gr0Up at b0th ends > < B1 > P re,erab, y has a weight-average molecular weight 
of from 20,000 to 1 00,000 or a number-average molecular weight of from 1 0 000 to 50 000 

40 ofl» f rati ° 1 th6 'f^? (A) ,0 the P0 ' yeSter terminated b V "Vdroxyl group at both ends (B1) is preferably frorr>50/50 
^fmffi^! ul f we '9 h * of resulting high mplecufar lactic copolymer. More preferably, the ratio of (A)/(B1 ) 

is from 65/35 to 98/2 to enhance the transparency of the resulting high molecular lactic copolymer. 

The proportion of the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C) 
,n the preparation process as defined above (1) and (2) is preferably from 0.001 to 5 % by weight based on 100 % by 

45 weight of the sum of the amount of the lactide (A) and the polyester terminated by hydroxy! group at both ends (B1) 
More preferably, the proportion of the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride 

£ c Tc^ 

so flpH K? ' tern ! ina ? d by hydr0Xyl gr0up at both ends ( B2 > stained by the reaction of the polyvalent carboxylic 
at hot S mTT ,U "f t ' ona,,t,esand/or acid an nydride thereof (C) with the polyester terminated by hydroxyl group 
atbothends(B1)preferablyhasaweight-averagemolecularweight of from10,000 to 300,000 for the purpose of increas- 
ing the molecular weight of the resulting lactic copolymer. . 

0 nH C Fr t°hT th ? Standpoi "* of the solubility and ease of preparation of the polyester terminated by hydroxyl group at both 
ends, the polyester preferably has a weight-average molecular weight of from 20,000 to 150.000 or a number average 
55 molecular weight of from 10,000 to 80,000. average 

The ratio of the lactide (A) to the polyester terminated by hydroxyl group at both ends (B2) is preferably from 50/50 
.s from 65/35 to 98/2 to enhance the transparency of the resulting high molecular lactic copolymer 
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The proportion of the polyval( fcarboxylic acid having 3 or more functionalitie&^d/or acid anhydride thereof (C) 
• ■ in the preparation process as defined above (3) is preferably from 0.001 to 5 % by wi J\\ based on 100 % by weight of 
the polyester terminated by hydroxyl group at both ends (B1 ). More preferably, the proportion of the polyvalent carboxylic 
acid having 3 or more functionalities and/or acid anhydride thereof (C) is from 0.001 to 0. 1 % by weight, particularly from 
5 0.001 to 0.1 % by weight to enhance the molecular weight and flexibility of the resulting high molecular lactic copolymer. 
The high molecular polyester terminated by hydroxyl group at both ends (B3) obtained by allowing the polyvalent 
carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C). the dicarboxylic acid and the diol to 
undergo dehydration reaction and deglycolation reaction preferably has a weight-average molecular weight of from 
10,000 to 300,000 or a number-average molecular weight of from 10,000 to 100,000 for the purpose of increasing the 
10 molecular weight of the resulting lactic copolymer. 

More preferably, the resulting high molecular polyester (B3) has a weight-average molecular weight of from 20,000 
to 150,000 or a number-average molecular weight of from 10,000 to 50,000 from the standpoint of the solubility and 
ease of preparation thereof. 

The ratio of the lactide (A) to the polyester terminated by hydroxyl group at both ends (B3) is preferably from 50/50 
is to 98/2 to raise the molecular weight of the resulting high molecular lactic copolymer. More preferably, the ratio of (A)/(B3) 
is from 65/35 to 98/2 to enhance the transparency of the resulting high molecular lactic copolymer. 

The proportion of the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C) 
in the polyester terminated by hydroxyl group at both ends (B3) is preferably from 0.001 to 5 % by weight based on 100 
% by weight of the total weight of the dicarboxylic acid or acid anhydride thereof. More preferably, the proportion of the 
20 polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C) is from 0.01 to 1 % by weight 
to enhance the molecular weight and flexibility of the resulting high molecular lactic copolymer. 

The polyester (B4) obtained by the reaction of the polyester terminated by hydroxyl group at both ends (B1) with 
the polyvalent isocyanate having 2 or more functionalities (E) preferably has a weight-average molecular weight of from 
10,000 to 300,000 or a number-average molecular weight of from 10,000 to 100,000 for the purpose of increasing the 
25 molecular weight of the resulting lactic copolymer. 

More preferably, the resulting high molecular polyester (B4) has a weight-average molecular weight of from 20,000 
to 150,000 or a number-average molecular weight of from 10,000 to 50,000 from the standpoint of the solubility and 
ease of preparation thereof. 

The ratio of the lactide (A) to the polyester terminated by hydroxyl group at both ends (B4) containing the polyvalent 

30 isocyanate having 2 or more functionalities (E) is preferably from 50/50 to 98/2 to raise the molecular weight of the 
resulting high molecular lactic copolymer polyester. More preferably, the ratio of (A)/(B4) is from 65/35 to 98/2 to enhance * 
the transparency of the resulting high molecular lactic copolymer. 

The proportion of the polyvalent isocyanate having 2 or more functionalities (E) is preferably from 0.01 to 5 % by ; 
weight based on the weight of the polyester terminated by hydroxyl group at both ends (B1). More preferably, the pro- 

35 portion of the polyvalent isocyanate having 2 or more functionalities (E) is from 0.1 to 3 % by weight to enhance the- 
molecular weight and flexibility of the resulting high molecular lactic copolymer. 

In the case where the lactide (A) and the polyester terminated by hydroxyl group at both ends (B1) are allowed to. 
undergo ring opening copolymerization in the presence of a ring opening polymerization catalyst (D) to prepare a pol- 
yester having a weight-average molecular weight of from 10,000 to 300,000 which is then reacted with a polyvalent 

40 isocyanate having 3 or more functionalities (F), the proportion of the polyvalent isocyanate having 3 or more functionalities 
(F) is preferably from 0.01 to 5 % by weight, more preferably from 0.1 to 3 % by weight based on the sum of the amount 
of the lactide (A) and the polyester terminated by hydroxyl group at both ends (B1) to raise the molecular weight and 
flexibility of the resulting high molecular lactic copolymer. 

The desired high molecular lactic copolymer polyester preferably has a weight-average molecular weight of from 

45 20,000 to 600,000 or a number-average molecular weight of from 10,000 to 300,000. Taking into account the fact that 
the high molecular lactic copolymer polyester exhibits a reduced molecular weight when formed or molded, the workability 
thereof or the physical properties such as strength of the formed or molded product, the high molecular lactic copolymer 
polyester preferably has a weight-average molecular weight of from 50,000 to 500,000 or a number-average molecular 
weight of from 30,000 to 250,000. 

50 The polymerization reaction is preferably effected in the presence of a ring opening polymerization catalyst (D). 
Examples of the ring opening polymerization catalyst (D) employable in the present invention include cyclic ester ring 
opening polymerization catalysts, metals such as tin, zinc, lead, titanium, bismuth, zirconium and germanium and deriv- 
atives thereof which are known as ester exchange catalysts, etc. These metal derivatives can be used as catalysts of 
the present invention. Particularly preferred among these metal derivatives are organic metallic compounds, metallic 

55 carbonates, metallic oxides, metallic halides, etc. Specific examples of these metal derivatives include tin octahoate, tin 
chloride, zinc chloride, zinc acetate, lead oxide, lead carbonate, titanium chloride, alkoxytitanium, germanium oxide, and 
zirconium oxide. 

The amount of the ring opening polymerization catalyst (D) is preferably from 0.005 to 0.2 % by weight based on 
1 00 % by weight of the sum of the amount of the lactide (A) and the polyester terminated by hydroxyl group at both ends 
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^^L^^r^^ ?T yliC f 3 " m ° re ,UnCti °0 S - -hydn,e 

n*>re«ui*W^^^ < E | or * e isocyanate having 3 or 

is -ct^ 3 » -« functionalities and/or acid anhydride thereof (C, 

or more functiona.i^^^^ ^J? 5 ^ 3Cid ha ™ 3 

- de TS^ ,0 under9 ° 

catio^.^ 

the group consisting of tin . zin Xtd^T^ZZ " * ' e3St 0ne metal selected from 

nesium. calcium and strontium F^e^'^l^Z ' ^"'T' M ' ™ n ^*- ir °"- «*-*um. mag- 
may be used. Particularly usSui Z^Xll * ^ ^ ^ ° f ^ che,ates ' meta » ° xide *- 
« titanium oxy acetyl .cJ^Hl oxa,^ " ^ t,,an,Um ^ 88 a,ky,eSter titanate ' 

ofth~nr c ^ 

or acid anhydride thereof and the £h 0 £ e ™ prS SS? ^ (C) ' the diCarboxy,ic acid 

of the resulting lactic polyester the added amoMnt ^ h! S ^' ently high P^^ation rate and minimize the coloring 

» 'nthecasLhere^rpo^^ 

3 or more functionalities (R is used TSSS^S^ I ,U A nCtl ° nal,t,es < E > or the P^alem isocyanate having 
there may be used any caSy^eSraVy I^J^S^ V? h 1,16 pr6Sent inventio " 

include organic or ino ganic compouSs ^S^SS? S?* ^ nPl " °' SUCh urethan ^°" catalyst 
titanium. For example, metal alkKs organ* S salts of mil h T ^ ^ ^ C ° nSiSt '' n9 ° f tin ' 2inc ' lead and 

In the case where the lactide (A) and the polyester ((Bi) raw /mu Z , . 
nents. the polymerization temperature is oreferS fmm S ( I ( 2 ( W P° lymeri2ed « essential compo- 
185 -C in the light of the b^S^SSZ ZZ 3 T ? m6 ' tin9 *** °' * he ^ to not hi 9 her than 
o of the lactic polyester due to the dSltS P^^n temperature falls within this range, the coloring 

1 00 .Q the polymerization SCSSSS^^, 'TTJ^ ^ *** ° f the ,ac,ide is "«Z 

fromUS-CtotSO-CinthelightXe^ 

reduction of molecular weightS^ 

■ caCic a™ 6 3 :^^ t f0Xy ; r P 31 b ° ,h ^ ^ ^a.ent 

the mixture is heated'and 

catalyst (D). 1 3 SOlvent ' ,ollowed ^ the addl,l0n <* the ring opening polymerization 

caC^ha^ « W * ** endS <»> and *° ***** 

one time, rapid reacL is i^S^^^^T^T^T P 8U * Cled t0 P 0, ^rization at 
property. P d thU8 th ' S pr0Cess 18 Particularly preferred from the standpoint of production 

undC'n" 

molecular lactic copolymer polyester nav"ng ISS^^SST* POlymeri2atl0n Ca,a ' ySt (D) ,0 P re P are a hi 9 h 
reacted with the polyvalent ^Lxl^2^nalTZlf , , f We ' 9ht ° f fr0m ia0 °° to 30a ° 00 which is 
of the lactide (A) and the polyes e B1 i s ^ea^ an7 themixture 
addition of the ring opening" polymerLatln £2£ £j " *" PreS6nC6 * 3 S ° ,V6nt ,0 ' l0wed by the 

^SSS^^ With ^ POlyva '- Cart ^< - having 3 or more 

ducted at a temperature of from 00 'C to2 ^7*" ' S the absence of s ^nt. con- 

be advantageously effected under reduc ^o JlZ Z ■? 18 h ° m h ,nU,eS with stirrin 9- ln ^ case, the reaction can 
where the polymer zation is e^ln thf nrl^l ? P 7 ' ^ h6r 0n the other hand - in case 

ature of from 80 «C to 210 1 0 to^Sl: ' "? P °' ymeri2ation is P refara ^ a«ected at a temper- 

catalyst. ° t0 180 mmutes - The reactlon ma / °e effected optionally in the presence of a 

ycaS^ 

of the present invention. L poi^toTrUS^S^, *T 3nhydride thereof ' ln 1,16 P ro cess 

and/or acid anhydride ^l^S^^^S Cafb ° Xylic acid havin 9 3 or ™* functionalities 

take part in the reaction Thereto le mZ X™ T " 9 ? P ? b0th Thus ' many reac,ive end W can 
neretore. all the polymer chains can be advantageously connected to each other 
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In the case where the polyv^"^ carboxylic acid having 3 or more functionalitie^nd/or acid anhydride thereof (C) 

\ is reacted with the polyester termnicfted by hydroxyl group at both ends (Bl ), follovy^ )>y the copolymerization with the 
lactide (A), the polyester terminated by hydroxyl group at both ends (B1) is prepared, and the polyvalent carboxylic acid 
having 3 or more functionalities and/or acid anhydride thereof (C) is then heated and melted with the polyester (B1) or 

5 mixed with the polyester (B1 ) in the presence of a solvent, optionally followed by the addition of a catalyst, before reaction. 
In the case where the polymerization is effected in the absence of solvent, the polymerization is effected at a tem- 
perature of from 1 00 °C to 21 0 °C for from 1 0 to 1 80 minutes with stirring. In this case, the reaction can be advantageously 
effected under reduced pressure to provide a higher reaction rate. In the case where the polymerization is effected in 
the presence of a solvent, the polymerization is preferably effected at a temperature of from 80 °C to 210 °C for from 10 

10 to 180 minutes. In the case where the polymerization product and the polyester terminated by hydroxyl group at both 
ends (B2) obtained by the reaction of the lactide (A) with the polyvalent carboxylic acid having 3 or more functionalities 
and/or acid anhydride thereof (C) are mixed for polymerization, the mixture is heated and melted or stirred with a solvent, 
followed by the addition of the ring opening polymerization catalyst (D). 

In accordance with the foregoing process, when the polymerization product is polymerized with the polyester ter- 

15 minated by hydroxyl group at both ends obtained by the reaction of the lactide with the polyvalent carboxylic acid having 
3 or more functionalities and/or acid anhydride thereof, an ester exchange reaction Occurs to obtain a homogeneous 
copolymer. 

In the case where the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride (C) is allowed 
to undergo dehydration reaction and deglycolation reaction with the dicarboxylic acid and the diol, followed by the copo- 
20 lymerization with the lactide (A), the dehydration reaction of the polyvalent carboxylic acid having 3 or more functionalities 
and/or acid anhydride thereof (C) with the dicarboxylic acid and the diol is preferably effected at a temperature of from 
160 °C to 250 °C for from 5 to 16 hours in an atmosphere of inert gas. 

The deglycolation reaction is effected under a reduced pressure of not higher than 5 Torr at a temperature of from 
1 70 °C to 260 Q C*for from 2 to 16 hours. The polyester terminated by hydroxyl group at both ends (B3) thus obtained 
25 and the lactide (A) are heated and melted or mixed in the presence of a solvent, followed by the addition of the ring 
opening polymerization catalyst (D). 

In the case where the polyvalent isocyanate having 2 or more functionalities (E) is reacted with the polyester termi- 
nated by hydroxyl group at both ends (B1 ), followed by the copolymerization with the lactide (A), the polyvalent isocyanate 
having 2 or more functionalities (E) is heated and melted with the polyester terminated by hydroxyl group at both ends 
30 (B1 ) or mixed with the polyester (B1 ) in the presence of a solvent, optionally followed by the addition of a catalyst, before 
the preparation of the polyester (B4). * 
The foregoing reaction is preferably effected at a temperature of from 80 °C to 210 °C for from 10 to 180 minutes 
with stirring. In the case where the lactide (A) and the polyester (B4) are mixed for polymerization, the mixture is heated 
and melted or stirred in the presence of a solvent, followed by the addition of a ring opening polymerization catalyst (D). 
35 In this process, when the lactide and the polyester (B4) are mixed, an ester exchange reaction occurs to obtain a homo- 
geneous copolymer. 

In the case where the lactide (A) and the polyester terminated by hydroxyl group at both ends (B1) are allowed to 
undergo ring opening copolymerization in the presence of a ring opening polymerization catalyst (D) to prepare a high 
molecular lactic copolymer polyester having a weight-average molecular weight of from 10,000 to 300,000 which is then 
40 reacted with the polyvalent isocyanate having 3 or more functionalities (F), the mixture of the lactide (A) and the polyester 
(B1) is heated and melted or stirred in the presence of a solvent, followed by the addition of the ring opening polymeri- 
zation catalyst (D). 

The reaction of the high molecular lactic copolymer polyester with the polyvalent isocyanate having 3 or more func- 
tionalities (F) follows the heating and melting of the mixture of the polymerization product with the polyvalent isocyanate 
45 (F) or the stirring of the mixture in the presence of a solvent: The reaction is preferably effected at a temperature of from 
80 °C to 210 °C for from 10 to 180 minutes. The reaction may be effected optionally in the presence of a catalyst. 

The foregoing process differs from the process which comprises the reaction of a condensed polyester of a hydrox- 
ycarboxylic acid such as polylactic acid with a polyvalent carboxylic acid and/or acid anhydride thereof. In the process 
of the present invention, the polyester to be reacted with the polyvalent isocyanate having 3 or more functionalities (F) 
so is terminated. by hydroxyl group at both ends. Thus, many reactive end groups can take part in the reaction. Therefore, 
all the polymer chains can be advantageously connected to each other. 

The high molecular lactic copolymer polyester obtained by the foregoing preparation process has a weight-average 
molecular weight of from 20,000 to 600,000 to maintain its formability or moldability and the strength or flexibility of the 
formed or molded product. Taking into account the reduction of the molecular weight during formation, the high molecular 
55 lactic copolymer polyester preferably has a weight-average molecular weight of from 50,000 to 600,000. 

In order to prevent the decomposition and coloring of the lactide, the optimum atmosphere in which the polymeri- 
zation thereof and the reaction thereof with the polyvalent carboxylic acid having 3 or more functionalities and/or acid 
anhydride thereof (C), the polyvalent isocyanate having 2 or more functionalities (E) or the polyvalent isocyanate having 
3 or more functionalities (F) can occur is a dried inert gas. In particular, the reaction is preferably effected in an atmosphere 
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of nitrogen or argon gas or with such arwnert gas bubbled thereinto. At the same time. Olpolyester terminated hv 

s p^In!!? laCtide 'f !°'?' e in 3 S0,Vent " be P°'y meri2 «l in the presence of a solvent. Examples of the solvent 
s employable here-n .nclude benzene, toluene, ethylbenzene. xylene, cyclohexanone. methy, ethy, ketone tZ^Z 

The high molecular lactic copolymer polyester of the present invention can be prepared by means of an ordinarv 

; ever - since the viscosity of the po,yester is raised as tonZJ£^Sto£ZZ 

s ncreased the copolymenzation reaction in such an ordinary polymerization vessel is liable to the Z Zon ofTo Son 
10 hat causes local heating resulting in local denaturation. Further, when the copolymerization p^JJKaSSl 
the polymer I2 at,on vessel, the product can be attached to the wall of the vessel or the ag aZ Wade <2£Z aZ 

In an example of the continuous preparation process, a series connection of two or more agitated reaction vessels 

,5 £2lT T 'k Z mer 0i a9te,i ° n With Pf0gress of and «« «" provide a eSSSSt 

»5 control ,s preferably used s.nce the starting materials of the high molecular lactic copolymer polyestor of thToTe ent 
.nvent-on have a low vscosity and the resulting polymer resin which shows a vigorous change itJ3!^S2 
as over 10 000 po.se and is liable to thermal decomposition finds extremely great difficulty? ^ empeX contro 
v ! TZ 9 r tinU ° US P0lymeri2ati0n «*>«« joying a series connection of lo orXrSaS Action 

« Lcl. = L m I u u the purpose of effici en«y scratch the reaction product off the wall of the reaction 

0 n^SZSirSS^ mo C ° mPared SUPP ' ied am ° mt ° f the Star,in 9 ma,erials ' » is thouflW that two 

whicicSze thfh^r Cti0n V6SSel iS 3 late^, h6at COO "' ng a9itated reaction This is a reaction vessel 

"the re^essei ' COndenSer ,0r CatChing the ™ no ™ ^ solvent is provided at the top 

a pump^er^ f ™ ° ne action vessel to the subsequent reaction vessel requires 

pump every vessel. The starting matenal is supphed ,nto a first agitated reaction vessel by means of a pump The 
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. reaction solution is then transfers /om the first vessel to a second vessel by mea^of another pump. The reaction 
solution is then transferred from the second vessel to a third vessel by means of an6u »4r pump, and so on. 

Another example of the agitated reaction vessel is a filling type agitated reaction vessel. This is an apparatus com- 
prising a series connection of a multiple of reaction vessels between which the reaction solution is transferred by means 

5 of a single pump. A single pump may be used to feed the starting material into the reaction vessels. Further, the reaction 
can be effected in a closed system. Thus, the charging of starting material, reaction, degasification and polymer pepti- 
zation can be effected without coming into contact with the external atmosphere. This is an advantage which cannot be 
obtained by the conventional batch type reaction vessel. Thus, this is a continuous polymerization process extremely 
suitable for the preparation of a decomposable polymer of the present invention which can be decomposed by heat, 

10 oxygen or water content. 

As another example of the continuous production process there is preferably used one employing a static mixer. 
The term "static mixer" as used herein is meant to indicate a static mixing machine free of mobile portion, i.e., 
agitator, as opposed to mixing machine equipped with agitator. More particularly, it is a mixer equipped with a mobile 
portion-free mixing element fixed in a pipe. The mixing element is adapted to split the flow and change or invert the 

15 direction of flow. Thus, the flow is divided axially or crosswise, and its direction is then changed or inverted. This procedure 
is repeated to mix the solution. Some static mixers are equipped with a jacket at around the pipe for heat exchange. In 
some static mixers, the mixing element is equipped with a heat exchange tube through which a heating medium passes. 

The static mixer is generally tubular. It comprises a linear connection of a plurality of static mixers. In operation, the 
starting material is continuously supplied through an intake in an atmosphere of inert gas so that the resulting polymer 

20 continuously moves in the static mixer. In this manner, the operation can be continuously effected without coming into 
contact with the external atmosphere through the procedure consisting of the charging of starting material, polymeriza- 
tion, degasification, and polymer peptization. 

In the preparation of the high molecular lactic copolymer polyester of the present invention, the polymerization 
apparatus equipped with a static mixer can be singly used to effect all polymerization reactions. However, the static 

25 mixer can be arranged such that polymerization is effected by a polymerization vessel equipped with an ordinary agitator 
in the initial stage of polymerization where a relatively low polymer viscosity is developed while polymerization is effected 
by a polymerization apparatus equipped with a static mixer in the latter stage of polymerization where a high polymer 
viscosity is developed to exert a remarkable agitating effect particularly in the latter stage of polymerization where a high 
polymer viscosity is developed. Therefore, a continuous polymerization apparatus comprising a static mixer connected 

30 to an agitated polymerization vessel may be used. 

The lactide, the polyester polymer and the resulting high molecular polyester can be easily solved in solvents. There- 
fore, polymerization can be effected with a solvent. The resulting high molecular lactic polyester exhibits a high melting 
point and a high melt viscosity and thus can hardly be polymerized. However, when provided with a solvent, the polym- 
erization system exhibits a reduced viscosity and thus can be easily stirred and hence polymerized. 

35 In particular, the use of the continuous polymerization apparatus equipped with a static mixer requires a reduced 
extrusion pressure of the polymerization solution or can simplify the arrangement of a polymerization apparatus equipped 
with an internal device for heating medium for the purpose of controlling temperature or a turning blade for the purposed 
of agitation. 

Further, since the foregoing continuous polymerization apparatus can provide easy agitation, the temperature control 
40 can be easily effected, uniformalizing temperature therein. Thus, a less colored lactic polyester can be obtained. 

For the reaction with the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof 
(C) or the polyvalent isocyanate (E) or (F), a line may be provided such a manner that the reaction component (C), (E) 
or (F) is added at its proper addition time. 

Preferred examples of the solvent employable herein include benzene, toluene, ethylbenzene, xylene, cyclohex- 
45 anone, methyl ethyl ketone, methyl isobutyl ketone, and isopropyl ether. If the polymerization is effected with such a 
solvent, the polymerization rate is lowered. For the purpose of overcoming this difficulty, the polymerization temperature 
is preferably from 1 40 °C to 1 95 °C. 

The polymerization or reaction with the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhy- 
dride thereof (C) or polyvalent isocyanate ((E) or (F)) can be inhibited by water content. Further, a decomposition reaction 
so is accelerated. Thus, the polymerization or reaction is preferably effected in an atmosphere of dried inert gas. In particular, 
the polymerization or reaction is preferably effected in an atmosphere of nitrogen or argon gas or in a stream of inert gas. 

For the purpose of removing the lactide, solvent and malodorous substances remaining in the latter stage of polym- 
erization, degasification is preferably effected under reduced pressure. The gasification process can reduce the content 
of remaining lactide, making it possible to remarkably enhance the storage stability of the resulting high molecular lactic 
55 polyester. 

The remaining lactide causes some troubles on the high molecular lactic polymer in sheet form. For example, the 
remaining lactide causes water content to be attached to the sheet. The water content thus attached causes the hydrol- 
ysis of . the sheet. Further, the remaining lactide causes the sheet to be fused due to heat. Moreover, the remaining 
lactide can sublimate and scatter from the film sheet made of the high molecular lactic polymer. Therefore, the content 
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of the remaining lactide in the high moleorW lactic polyester of the present invention is prphbly not more than 2 % 
by weight, more preferably not more thanV 2 by weight. -/ 3 2 /o 

In some detail, degasification is preferably effected by withdrawing the resulting polymer while being heated under 
reduced pressure. In order to inhibit the reduction of the molecular weight of the high molecular lactic polyester degas- ' 
if.cat.on .s preferably effected at a temperature of from 145 °C to 230 'C for from 2 to 30 minutes under a pressure of 
from 01 to 200 Torr. Alternatively, degasification may be effected by peptizing or grinding the high molecular lactic 
polyester thus polymerized, and then withdrawing the polyester while being heated under reduced pressure 

In order to .nh.bit the reduction of the molecular weight of the high molecular lactic polyester, degasification is pref- 
erably effected at a temperature of from 60 to 200 »C under a pressure of from 0.1 to 50 Torr for from 2 to 400 minutes 
Th.s gasrf.cat.on process can reduce the content of the remaining lactide, which is normally about 2.5 % to not more 
than 1 .0 %, even to not more than 0. 1 % as necessary. 

During the preparation of the copolymer of the present invention, cyclic esters other than the lactide (A) may be 
added to prepare a high molecular lactic polyester. In particular, a lactone may be added in an amount of from 1 to 20 
% by weight for the purpose of softening the resulting polyester. 

The cyclic esters to be added other than the lactide are not specifically limited. Specific examples of these cyclic 
esters .nclude cyclic dimers of hydroxy acid such as glycolide. and inner lactides such as £-caprolactone. Y -valerolactone 
and rundecalactone. The more the content of lactone is, the lower is the glass transition point and the melting point of 
the resulting polyester, and the higher is the flexibility thereof. 

The preparation process of the present invention can provide products ranging from a high molecular lactic polyester 
having a high ir.gid.ty to a high molecular lactic polyester having a high flexibility. Examples of these products include 
polymers useful as general-purpose resins having decomposability and a tensile elasticity modulus of from 500 to 50 000 
kg/cm*, such as resin for wrapping material (e.g.. sheet, film), foamable resin, extrudable resin, injection-moldable resin 
ink resin and lam.nat.ng res.n. The preparation process of the present invention is particularly useful for the preparation 
of polymers for wrapping material. K ^ 

to S« • T k f 6 " T: SinCe ' aCtiC COpo,ymer p0lyester has a hi 9 h hygroscopicity and thus is liable 
to hydrolysis, ,t can be eas.ly formed .nto a wrapping material such as sheet orf ilm by means of an ordinary single-screw 
extruder. However, the water content should be carefully controlled. 

on * A ^ h t!° reW t0 b6 USed in thS 6Xtruder there may be used an ordinaf y ^ll-frighted screw having UD of from about 
ZIIh^h S tT h may OPti0 , na " y Vent6d - ' n the 0356 Wh6re 3 sin 9 le - scr * w is used, dehumidrfication is 

Z Tlfl t . * 9 ^T? ? fyer ° r the ' ike 50 that the water content in the startin 9 "ferial is controlled to not 
Zfht ^hl .T T m 1 yS ' S thG eXtrUder ^ ° |3timum eXtrUSi0n tem Perature depends on the molecular 
weight of the lact.c copolymer polyester used and the amount of remaining lactide but is preferably not lower than the 
flow initiation temperature. 

In the T-die casting process, the sheet or film thus extruded is normally cooled over a temperature-controlled mirror- 
^ or textured roll. In this process, an air knife may be used. Further, if a vented two screw extruder iTu^ a 

to^TZ^Tr?" e ' iminatin9 the neC6SSity ,0r pre ^ and hence enabli "9 an efficient film 

formatoon The tubular f ,1m process can be easily effected by means of an ordinary forming apparatus equipped with a 

circular die or a, ring. There is no need of special accessory apparatus. In order to provide a uniform SZ tZ die 
air ring or winder may be rotated. ' 

T °l fi ' m *? f °? ed may be monoaxial| y or biaxia,| y oriented at a temperature of from not lower than the 

n S Jr^Th T P6 h T ere ° f t0 , ^ h, ' 9her than the me ' tin9 P ° int thereof b * a °r tubular film 

process. The sheet or f.lm thus or.ented can be provided with molecular orientation that improves the physical properties 
such as impact resistance, rigidity and transparency thereof. ys.oa.propert.es 
The orientation may be effected simultaneously or successively. The orientation speed is not specifically limited 

?S ?!"n hoth a l° 1 SP f * iCa " y limited ' ,he C3Se ° f biaxial 0rien,ation " the ° btimum streteh is normally from 
2 to 4 n both lengthwise d.rect.on and crosswise direction. For films which need to be shrinked upon heating such as 

eat T T "J "J™ * * 6 * d6Sirable h ° ne direCti0n 0r directi ° ns ' ln * "-WlE 

rplS T T ° r ' " m ' thS ShSet ° r f Mm WhiCh haS been oriented ma y be to heat setting for the 

removal of stress or acceleration of crystallization. - 

clav 2252^ fT h ° f ^nl 0r ! lm ' an fi " er SUCh 38 in ° rganiC fi " er talc ' calcium donate, silica, 

clay d.atomaceous earth, perhte) and organ.c filler (e.g., woodmeal) may be incorporated in the material. Further an 

^h as^. c'SSd 35 2 ; 6 - di -*- buty| - 4 - methy,pheno1 ^ and buW hydroxyanisole (BHA), an ultraviolet absoroen 
such as salicylic acid derivative, benzophenone and benzotriazole or a stabilizer such as phosphoric ester and carbo- 
di.rn.de may be used to enhance the thermal stability during formation 

w^Mn/Sf? I™? °! SU , Ch 3 s,abilizer is not specifically limited but is preferably from 0.01 to 1 % based on the 
^lecular lact.c polyester. The high molecular lactic polyester of the present invention exhibit a suf- 
f.c.ent plasticity as it is and thus exhibits a good melt-formability. In order to accelerate the softening of the product a 
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. plasticizer such as dioctyl adipatef Jc\y\ sebacate, trioctyl trimellitate, diethyl phtha*~-e, dioctylphthalate, polypropyl- 
* ■ eneglycoladipic acid and butanediol adipate may be added to the material. V 7 

Among these plasticizers, the polyester adipate plasticizer is desirable from the standpoint of formability or molda- 
bility and flexibility. In particular, a polyester adipate having a weight-average molecular weight of not more than 20,000 
5 with its ends blocked by alcohol has a good compatibility with the polymer and thus is particularly desirable. 

The added amount of such a plasticizer is not specifically limited. In order to avoid the elution of excessive plasticizer 
from the resin, i.e., bleeding, the added amount of such a plasticizer is preferably from 1 to 30 % based on the weight 
of the high molecular lactic polyester. 

Further, a metallic soap such as zinc stearate, magnesium stearate and calcium stearate, a lubricant such as mineral 
10 oil, liquid paraffin and ethylenebisstearamide, a nonionic surface active agent such as glycerinaliphatic ester and sucrose 
afiphate, an ionic surface active agent such as alkylsulfonic acid salt, a coloring agent such as titanium oxide and carbon 
black, etc. may be added to the material. 

A foamed product can be prepared by the addition of an inorganic foaming agent such as sodium bicarbonate and 
ammonium bicarbonate or an organic foaming agent such as azodicarbonamide, azobisisobutyronitrile and sulfonylhy- 
15 drazide or by previously impregnating the polymer of the present invention with a foaming agent such as pentane, butane 
and Freon or by directly supplying such a foaming agent into the extruder during extrusion. The polyester of the present 
invention can be laminated with a paper, aluminum foil or other decomposable polymer films by extrusion lamination 
method, dry lamination method or co-extrusion method. 

The fabrication of the sheet thus formed can be accomplished by vacuum forming, pressure forming, vacuum pres- 
20 sure forming or the like. The formation of the lactic copolymer polyester of the present invention into sheet can be 
accomplished by means of a known apparatus for use in the preparation of sheet made of general-purpose resin. 

In the vacuum forming or vacuum pressure forming, plug-assist forming may be effected. The oriented sheet may 
be subjected to pressure forming. During the forming, the mold may be optionally heated or cooled. In particular, the 
mold can be heated to a temperature of not lower than the crystallization temperature to positively promote crystallization, 
25 making it possible to improve the heat resistance of the product. 

The fabrication of the film thus formed can be accomplished by an ordinary fabrication method. In some, detail, the 
film can be heat-sealed by means of an ordinary bag making machine such as horizontal pillow type bag making machine, 
horizontal pillow type bag making machine and twist bag making machine to obtain a bag-shaped product. In order to 
obtain a formed product other than sheet and film, an ordinary injection molding machine can be used to obtain a molded 
30 product such as vessel. The polyester of the present invention can also be easily blow-molded. In some detail, a single- 
layer or multi-layer bottle can be easily formed by the use of an existing blow molding machine. Referring to press 
molding, there is no special problem. In some detail, an ordinary press molding machine can be used to obtain a single- 
layer or laminated product. y 
The high molecular lactic polyester obtained according to the present invention has a good biodegradability. Even 
35 if discarded after used as general-purpose resin or wrapping material or rejected and discarded from the production 
line, it can help reduce the amount of wastes. In particular, even if discarded into the sea, it is hydrolyzed or decomposed 
by microorganism. When decomposed under the seawater, the polyester of the present invention can show a deteriorated 
resin strength in several months and thus can be decomposed to an extent such that the initial appearance is not main- 
tained. 

40 The present invention will be further described in the following examples and comparative examples, but the present 
invention should not be construed as being limited thereto. The "parts" as used herein is by weight unless otherwise 
specified. 

The molecular weight was measured by a GPC measuring apparatus (hereinafter referred to as "GPC"; column 
temperature: 40 °C; solvent: tetrahydrofuran) relative to polystyrene as a reference sample. 
45 The glass transition point and melting point were measured by means of differential scanning calorimeter (hereinafter 
referred to as "DSC"). The percent heat loss was measured by a differential thermogravimetric analyzer (hereinafter 
referred to as "TG/DTA" (The sample was heated at a rate of 100 °C/min. from 20 °C to 220 °C wherein it was then kept 
for 50 minutes)). 

For the tensile test, a 200-jim thick film which had been prepared by subjecting the polyester to processing by a hot 
so press at a temperature of from 160 °C to 1 70 °C under a pressure of 200 kg/cm 2 for 2 minutes was subjected to test by 
a tensile testing machine (rate of pulling: 20 mm/min.). The Vicat softening temperature test was conducted in accordance 
with A method of J IS K7206. As the test specimen there was used a dumbbell-shaped piece formed by a 1 -ounce 
injection molding machine. The machines as mentioned above are as follows: 

55 GPC: 

TOSOH HLC-.8020 (available from TOSOH CORPORATION) 
DSC: 

DSC 200 (available from Seiko Instruments, Inc.) 
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TG/DTA: ^ 

TG/DTA 220 (available from Seiko InstrurC ) s . Inc.) * J 

Tensile testing machine: 

Tensilon (available from Toyo Seiki K.K.) 

Vicat softening temperature: 

HDT. VSPT. TESTER (available from Toyo Seiki K.K.) 

specified.^ ,0 "° Win9 eXamP,eS ' 0< f ° ll0Wing thfee P0 ' yeS,erS W3S US6d for exami "ation unless otherwise 

o/ nffn^ P ° lye$ H ,er Comprisin 9 an ali P hatic dicarboxylic add component there was used a polyester comprising 50 mol 
% of anadipicacd component. 28mol%of an ethylene glycol component and 22 mol % of a neopentyl glycol component 

As the polyester comprising an aromatic dicarboxylic acid component and an aliphatic dicarboxylic acid component 
there was used a polyester comprising 14 mol % of a terephthalio acid component, 16 mol % of an fsooZlic acid 
component 20 mol % of an adipic acid component. 28 mol % of an ethylene glycol component and 22 mof % ofa 
neopentyl glycol component, having a weight-average molecular weight of 45.200 and a number-averaae motecl^ 
we.ght of 24,700. This polyester will be hereinafter referred to as "(P-2)". 9 mo,ecular 

The third polyester will be described later. 

EXAMPLE 1 


45 


SO 


55 


♦ L P " 1 if a " a ™ unt 0< 10 parts - L - |ac,ide in an a ™unt of 90 parts, and pyromellitic anhydride in an amount of 0 002 
part based on 100 parts of the sum of the amount of L-lactide and (P-1 ) were mixed. These component XoS 

' iszsr 05 hour in f n atmosphere ° f nitr ° gen t ° •» szjste: 

aaaea u.u^ part of tin octanoate as a ring opening polymerization catalyst 

The reaction mixture was then allowed to undergo reaction at a temperature of 175 °C for 3 hours The resultino 
copolymer was then withdrawn. The high molecular lactic polyester thus obtained was a yel.owish transparent resin ?t 
was confirmed from the result of GPC that a high molecular lactic polyester had been produced having " S ave aoi 
SSfr^ 3 number " avera 9 e ™"«ubr weight of 122,000, which are greater St^ of the 

maS. PnS,n9 ^ ar0mat ' C diCarb0XyNC aC,d COmP ° nent and 3n 3,iphatiC dicart) °^ lic acid component as starting 

The result of GPC effected 3 hours after reaction shows that the fraction derived from the copolymer is sinale 
demonstrating the production of a single copolymer. A small fraction derived from the remaining lac^wTs confS 

Tbou 3 U^rlTT* P0 ' yeSter ^ 3 9 ' aSS ,ranSi,i ° n ^ ° f ab0ut 56 ' C -d^eCp^t 
JJ, , I 9 m °lecular lachc polyester exhibited a tensile break stress of 41 % a tensile break strenoth 
of 520 kgf/cm2 and an initial tensile elasticity modulus of 10,100 kgf/cm2. a tensile oreak strength 

EXAMPLE 2 

_ (P-2) in an amount of 5 parts, L-lactide in an amount of 93 parts. D-lactide in an amount of 2 parts ovromellitic 
anhydride ,n an amount of 0.05 par, based on 1 00 parts of the sum of the amount of the lactide and (P 2) aTtlene 
in an amount of 20 parts were mixed. These components were then dissolved and mixed at a temperature of 175 °C in 
an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.02 part of tinZaZxeaL rina 

?z? srrr on M ta,yst - The reaction mixture was ai,owed ,o ™*» £S£ETm%£ 

3 hours. After reaction, toluene was removed under reduced pressure 

, ii? h « ™ U ' ar laCti ° thuS produced was a colorless transparent resin having a weight-averaoe molec 

ularweight of 356,000 andanumber-averagemolecularweightof152,000. The high molecular ISSoSJSK, 

J^^JSl* H bout 58 ° a a me,tin9 point of about 160 ° c - a ,ensiie break *« <^?I££S£ 

strength of 650 kgf/cm* and an initial tensile elasticity modulus of 1 3,000 kgf/cm2. 
EXAMPLE 3 

anh ( H P :p in an amount of 30 P arts ' L -' ac tide in an amount of 68 parts, D-lactide in an amount of 2 parts trimellitic 

a Tl^TZ^™?* ° f 1 ^ baS6d ° n 100 PaftS ° f ,he Sum 0f the amou " of »• la «ide and (P-1) and »o Le e n 
an amount of 5 parts were mixed. These components were then dissolved and mixed at a temperature of 165 C Z an 
atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.02 part oTt^noatfas a rina 

S hours Atrrf ta ' ySt ^ reaCti ° n miXtUre W3S a " 0wed 40 under 9° reaction S a t-wS^S »C 2 
3 hours. After reaction, toluene was removed under reduced pressure. ° 
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The high molecular lactic poly/ "V thus produced was a colorless transparent re^having a weight-average molec- 
' • : ular weight of 1 10,000 and a numbfer4verage molecular weight of 42,000. The high (^Jfecular lactic polyester exhibited 
a glass transition point of about 53 °C, a melting point of about 150 °C, a tensile break stress of 230 %, a tensile break 
strength of 490 kgf/cm 2 and an initial tensile elasticity modulus of 8,100 kgf/cm 2 . 

5 

EXAMPLE 4 

(P-2) in an amount of 5 parts, L-lactide in an amount of 93 parts, D-lactide in an amount of 2 parts, and toluene in 
an amount of 15 parts were mixed. These components were then dissolved and mixed at a temperature of 175 °C in an 
w atmosphere of nitrogen gas for 0.5 hour To the reaction mixture were then added 0.02 part of tin octanoate as a ring 
opening polymerization catalyst. The reaction mixture was allowed to undergo polymerization for 3 hours. The lactic 
copolymer polyester thus obtained had a weight-average molecular weight of 161 ,000. To the lactic copolymer polyester 
was then added pyromellitic anhydride in an amount of 0.002 part based on 100 parts of the sum of the amount of the 
lactide and (P-2). The reaction mixture was then allowed to undergo reaction for 3 hours. After reaction, toluene was 
15 removed under reduced pressure. 

The high molecular lactic polyester thus produced was a colorless transparent resin having a weight-average molec- 
ular weight of 51 7,000 and a number-average molecular weight of 215,000. The high molecular lactic polyester exhibited 
a glass transition point of about 59 °C, a melting point of about 158 °C, a tensile break stress of 12 %, a tensile break 
strength of 550 kgf/cm2 and an initial tensile elasticity modulus of 1 1 ,900 kgf/cm 2 . 

20 

EXAMPLE 5 

(P-1) in an amount of 30 parts, L-lactide in an amount of 70 parts, and toluene in an amount of 15 parts were mixed. 
These components were then dissolved and mixed at a temperature of 165 °C in an atmosphere of nitrogen gas for 0.5 

25 hour. To the reaction mixture were then added 0.03 part of tin octanoate as a ring opening polymerization catalyst. The 
reaction mixture was allowed to undergo polymerization for 3 hours. The lactic copolymer polyester thus obtained had 
a weight-average molecular weight of 73,000. To the lactic copolymer polyester was then added pyromellitic anhydride 
in an amount of 0.05 part based on 100 parts of the sum of the amount of the lactide and (P-1). The reaction mixture 
was then allowed to undergo reaction for 2 hours. 

30 After reaction, toluene was removed under reduced pressure. The high molecular lactic polyester thus produced 
was a colorless transparent resin having a weight-average molecular weight of 1 45,000 and a number-average molecular, 
weight of 70,100. The high molecular lactic polyester exhibited a glass transition point of about 54 °C, a melting point 
of about 149 °C, a tensile break stress of 330 %, a tensile break strength of 470 kgf/cm 2 and an initial tensile elasticity- 
modulus of 8,200 kgf/cm 2 . 

35 

EXAMPLE 6 

(P-1) in an amount of 5 parts, L-lactide in an amount of 93 parts, D-lactide in an amount of 2 parts, and toluene in 
an amount of 20 parts were mixed. These components were then dissolved and mixed at a temperature of 165 °C in an 

40 atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.05 part of tin octanoate as a ring 
opening polymerization catalyst. The reaction mixture was allowed to undergo polymerization for 3 hours. The lactic 
copolymer polyester thus obtained had a weight-average molecular weight of 1 61 ,000. To the lactic copolymer polyester 
was then added pyromellitic anhydride in an amount of 0.5 part based on 100 parts of the sum of the amount of the 
lactide and (P-1). The reaction mixture was then allowed to undergo reaction for 2 hours. After reaction, toluene was 

45 removed under reduced pressure. 

The high molecular lactic polyester thus produced was a colorless transparent resin having a weight-average molec- 
ular weight of 327,000 and a number-average molecular weight of 1 1 9,000. The high molecular lactic polyester exhibited 
a glass transition point of about 57 °C, a melting point of about 156 °C, a tensile break stress of 18 %, a tensile break 
strength of 510 kgf/cm 2 and an initial tensile elasticity modulus of 13,000 kgf/cm 2 . 

50 

EXAMPLE 7 

(P-1) in an amount of 20 parts and toluene in an amount of 15 parts were mixed. These components were then 
dissolved and mixed at a temperature of 100 °C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture 
55 were then added trimellitic anhydride in an amount of 0.002 part based on 100 parts of (P-1) and tetraisopropyl titanate 
as a catalyst in an amount of 0.005 part. The reaction mixture was then allowed to undergo reaction at a temperature 
of 120 °C for 2 hours. The polyester thus obtained exhibited a weight-average molecular weight of 54, 1 00 and a number- 
average molecular weight of 19,400. 
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(0 undergo , M di< mata ,,m; ra L"77«r.™^r an ?. ma,m . P"- 'eactiartft*,, was then allowed 
The high mo.ecularla rt ^ 

weight of 168.000 and a number-average ^^S^ST^ 9 * 

7.900 kgf/cm2. ' tenS " 6 br6ak Stren 9 th of 420 and an initial tensile elasticity modulus of 
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15 


20 


25 


dissofvS h a a"n j^VT ^ ^ ^ — 

were then added pyromellitic anh Sfde in an amount TaS"> ? "i 09 *" 935 for 05 h ° Ur To *• reaction mix ^ 
catalyst in an amount of 0.001 par The SSTS^ f J? ° ^ ° f (P " 2) 3nd OCtanoate as a 

°Cfor 2 hours. The polyester thus obtai ed SZ^lw V f * r6aCti ° n at a Mature of 120 

molecular weight of 32 .400 1 US0D,a,nedexh,bltedawe 'g h t-average molecular weight of 71. 100 and a number-average 

weigh, of 325 .ooo and a ZL*~£ SZ^^^TZIS , ', ""^'^ ™*«" 
plats transition point ot about 56 -C a nwsna rtnlrfS?. ST ^ ? m0leCUlar lact " : p0 " este « 
stran* o, 560 Kpt/on* and an miiSSSS, tSZ "55 SET* *" °' " % ' ' 


EXAMPLE § 
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35 


40 


45 


charged. The reaction mixture was then SerSTtl^L^ Li * 0f a P yr ° mel,rt,c anhydride component were 
8. 1 . To the reaction mixture was ttien aSd* Toolm JtSET * ^ ° C ,0 21 0 ° C t0 h ave an acid value of 
to undergo reaction at a temperaSre of tm 5 ^SSTSS^JS^ WaS ^ ^ 

deglycolation reaction under a pressure of 0 5 Torr for 8 hours W3S a "° Wed t0 under 9° 

n--^ - -.000 a. a 

were then added 90 parts of L-lactide and 15 oartsof talulnl^L! ( } ° PartS ofthe Poster thus obtained 
a. a temperature of 175 >C in an atm^J^£ f^TTlTJ" ^ " tad 
0.02 part of tin octanoate as a ring opening polymeSn catalvsf it ?" J * miXtUre were ,hen added 

reaction for 3 hours. To the reaction mixture wasZo f^ n? ♦ , t,0n m,XtUre was then al,owed to "™tergo 

a glass transition point of about 55 »C, a melting point oTabout 55 -O !' t ™ k ? " ar ' aCtlC P °' yeSter exhibited 
strength of 460 kgf/cn* and an initial tensile eZZ^oiU .000 k gS ^ * 28 % ' 3 *"* 


EXAMPLE 10 
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55 


compel . -l^C^c^Si £ 03^^^ 3 ° % ° f " *" 
The reaction mixture was then ester^at a^^Jl^S^^ ^ Char96d 

react.on mixture was then added 1 00 ppm of tetraisooroovl s tena.f Thflo » 30 aC ' d Value 0f 9 ' 1 ■ To the 

deglycolation reaction at a temperature of UoT^Z ^dT^t ^ ^ ^ ^ a "° Wed t0 under 9° 

The aliphatic polyester thu -obtain ed eStada wJlf T 7 ^ 3 pr6SSUre of 05 Torr - for 8 hours, 

molecular weight of 16.500 S^^S^^^^^^ * 53 ' 50 ° and a "^ber-average 
added 68 parts of L-.ad.de 2 parte of D- aSfar^J 15 oa^ 1 1°. ^ ° f P0,yeSter thuS obtained were ' h 'n 
and mixed at a temperature of YlS'C ,ar ?!^L££? !' heSe com P° nents wer « was then dissolved 

added 0.02 part of tin octanoa e , as a rin olS nl? f " " S ** ° 25 ^ T ° ,he reaction mixt ^ were then 
undergo reaction for 3 hours UMeM ' nS catalyst. The reaction mixture was then allowed to 
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After reaction, toluene was r( J/e6 under reduced pressure. The high molec^~x lactic polyester thus produced 
was a colorless transparent resin having a weight-average molecular weight of 1 51 ,0(x . Jid a number-average molecular 
weight of 101 ,000. The high molecular lactic polyester exhibited a glass transition point of about 53 °C, a melting point 
of about 1.52 °C, a tensile break stress of 270 %, a tensile break strength of 400 kgf/crrtf and an initial tensile elasticity 
modulus of 7,800 kgf/cm2. 

EXAMPLE 11 

In the present example, a final reaction vessel comprising a series connection of three filling type 4-£ capacity 
10 agitated reactors equipped with a helical agitating blade and a reaction vessel connected to the final reaction vessel via 
a 1 12 inch static mixer (Konigs type static mixer available from Noritake Co. , Ltd.) and two degasif ication tanks were used. 

The starting materials were supplied in the following manner. In some detail, lactides and a hydroxyl-containing 
polymer were dissolved in toluene at a temperature of 1 1 0 °C in an atmosphere of nitrogen gas to obtain a 1 5 % solution 
which was then supplied into the first reactor by means of a plunger pump in such a manner that the average residence 
is time of the starting materials was 8 hours. As the catalyst there was used tin octanoate. This catalyst was added before 
the first reactor. An addition line was provided at the entrance of the third reaction vessel such that pyromellitic anhydride 
can be added to the material. 

The supplied amount of these components were as follows: 
Starting material supply flow rate: 1 .5 #hr. 
20 Catalyst supply flow rate: 0.5 mi/hr. 

Pyromellitic anhydride supply flow rate: 5.00 g/hr. 
The lactide components and the hydroxyl-containing polymer components used were as follows: 
L-lactide: 73 % 
D-lactide: 4 % 
25 Hydroxyl-containing polymer: 10 % 

Toluene: 13 % 

As the hydroxyl-containing polymer there was used a polyester comprising 35 mol % of adipic acid, 15 mol % of 
succinic acid, 40 mol % of ethylene glycol and 10 mol % of neopentyl glycol, having a weight-average molecular weight 
of 35,100 and a number-average molecular weight of 18,200 (hereinafter referred to as N (P-5)*'), 
30 Tin octanoate as a catalyst was supplied in such an amount that the catalyst content reached 250 ppm. The polymer 
thus obtained was continuously withdrawn from the discharge end at the top of the final reaction vessel by means of a 
gear pump. 

The three reaction vessels used were temperature-controlled as follows: 

Reaction temperature 
35 in first reaction vessel: 1 55 °C 

Reaction temperature 

in second reaction vessel: 155 °C 

Reaction temperature 

in third reaction vessel: 165 °C 
40 Reaction temperature 

in the static mixer: 165 °C 

Referring to the degasif ication conditions, the temperature of the heat exchanger provided before the first degas- 
if ication apparatus was controlled to 220 °C, and the degasif ication tank was evacuated to 1 10 Torr. The temperature 
of the heat exchanger provided before the second degasification apparatus was controlled to 205 °C, and the degasif i- 
45 cation tank was evacuated to 8 Torr. 

The polymer thus obtained was pelletized, and then measured for various properties and physical properties. The 
pellet thus obtained was a slightly yellowish transparent resin. The high molecular lactic polyester thus produced was a 
colorless transparent resin having a weight-average molecular weight of 301,000 and a number-average molecular 
weight of 101 ,000. The high molecular lactic polyester exhibited a glass transition point of about 53 °C, a melting point 
so of about 152 °C, a tensile break stress of 28 %, a tensile break strength of 500 kgf/cm2 and an initial tensile elasticity 
' modulus of 1 1 ,800 kgf/cm2. 

EXAMPLE 12 

55 A continuous polymerization apparatus was used having a polymerization zone consisting of a circulating polym- 
erization line comprising a series connection of four static mixers having an inner diameter of 0.5 in. and a length of 60 
cm, equipped with a circulating gear pump, and a polymerization line comprising a series connection of two static mixers 
having an inner diameter of 3/4 in. and a length of 50 cm (available from Noritake Co., Ltd.; 15 mixing elements incor- 
porated) directly connected to the circulating polymerization line. 
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The catalyst was mixed into the ma^tarting material shortly before the main startif^aterial suoolv Dim h. 

A main starting material solution was prepared in an atmosphere of nitrogen gas. In some detail 78 oar* of I 

tomhta acid o have a h.gher molecular weight (29 mol % of adipic acid component, 20 mol % of sued* adfcom 
ponent. 30 mol % of ethylene glycol component, 20 mol % of neopentyl glycol component 0 3 mo I J o? £ ? h 

i^^S. P ' rt °' Z ' nC 2 - ethy ' h ~ 35 3 — ^iected to congous polymeri.aLtS 

Main starting material supply flow rate: 400 m£/hr. 
Catalyst supply flow rate: 1 .6 mtfhr. 
Reaction temperature: 160 °C 
Rate of flow to be circulated in 
circulating polymerization line: 2 #hr. 
Reflux ratio: 5 

was pel.et.zed. and then measured for various properties and physical properties tranSDarent r ^-n. The res.n 

an initial tensile elasticity modulus of 1 0,900 kgf/cS ' * ***** * 490 k9f/Cm2 and 

cm ^ etc mXSS"* *" ^ ^ ~ * 3 h0t ^ 10 P ^ a 1 ° 
tpmnl!? me «?f 'o? S f lle,iZed P0 ' yeSter having a w eight-average molecular weight of 368 000 was Dressed at a 

The sheet thus obtained was then buried in the earth for biodegradation test. The results are set forth in Table 1. 

Table 1 


35 


40 


Days of burial 

Weight-average molecular weight 

Appearance 

0 

355,000 

Rigid, transparent 

30 

317,000 

Rigid, semi-transparent 

100 

181,000 

Brittle, white 

200 

91,000 

Brittle, white 


45 EXAMPLE 13 


50 


55 


octanoate as a ring opening poCSon ,hen ^ 200 Ppm 0f tin 

Thereafter, the reaction mixture was allowed to undergo reaction at a temoerature of ifis t w 1 « h 
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. . weight-average molecular weight!^ J&1 ,000 and a number-average molecular weiq^f 142.000 had been produced. 
The product showed a single GPC peak demonstrating the production of a single copolymer. 2.4 % of the lactide mon- 
omer remained. The result of DSC showed that the urethane bond-containing lactic polyester exhibits a glass transition 
point of 55 °C and a melting point of 1 73 °C. The urethane bond-containing lactic polyester also exhibited a tensile break 

5 stress of 39%, a tensile break strength of 430 kgf/cm 2 , an initial tensile elasticity modulus of 12,000 kgf/cm2 and a Vicat 
softening temperature of 51 °C. 


EXAMPLE 14 


10 To 5 parts of (P-1) were added 93 parts of L-lactide and 2 parts of D-lactide. The atmosphere of the system was 
then replaced by an inert gas. These components were then dissolved and mixed at a temperature of 165 °C for 1 hour. 
To the reaction mixture was then added 0.02 part of tin octanoate as a ring opening polymerisation catalyst. The reaction 
mixture was then allowed to undergo reaction for 8 hours. 

The lactic polyester thus obtained was a colorless transparent resin. The result of GPC showed that a lactic polyester 

15 having a weight-average molecular weight of 1 44,400 had been produced. To 99 parts of the lactic polyester were then 
added 1 part of Pandex P-870 (available from Dainippon Ink & Chemicals, Inc.; NCO%=3.0) and 100 parts of toluene 
as a solvent. The atmosphere of the system was then replaced by an inert gas. To the reaction mixture were then added 
50 ppm of tetraethylammonium chloride as a catalyst. The reaction mixture was then allowed to undergo reaction at a 
temperature of 90 °C for 1 hour. 

20 Thereafter, the reaction mixture was allowed to undergo reaction at a temperature of 165 °C for 1.5 hours. The 
resulting copolymer composition was then withdrawn. The urethane bond-containing lactic polyester thus obtained was 
a whitish transparent resin. The result of GPC showed that an urethane bond-containing lactic polyester having a weight- 
average molecular weight of 275,000 had been produced. The product showed a single GPC peak demonstrating the 
production of a single copolymer. 2.8 % of the lactide monomer remained. The result of DSC showed that the urethane 

25 bond-containing lactic polyester exhibits a glass transition point of 54 °C and a melting point of 161 °C. The urethane 
bond-containing lactic polyester also exhibited a tensile break stress of 72 %, a tensile break strength of 400 kgf/cm 2 , 
an initial tensile elasticity modulus of 1 1 ,000 kgf/cm 2 and a Vicat softening temperature of 50 °C. 

EXAMPLE 15 

30 

In the present example, a final reaction vessel comprising a series connection of three filling type 4-t capacity 
agitated reactors equipped with a helical agitating blade and a reaction vessel connected to the final reaction vessel via 
a 1/2 inch static mixer (Konigs type static mixer available from Noritake Co., Ltd.) and two degasification tanks were used. 
The starting materials were supplied in the following manner. In some detail, lactides and a hydroxyl-containing 
35 polymer were dissolved in toluene at a temperature of 11 0 °C in an atmosphere of nitrogen gas to obtain a 1 5 % solution 
which was then supplied into the first reactor by means of a plunger pump in such a manner that the average residence 
time of the starting materials was 8 hours. As the catalyst there was used tin octanoate. This catalyst was added before 
the first reactor. An addition line was provided at the entrance of the third reaction vessel such that Pandex P-870 
(Dainippon Ink & Chemicals, Inc.; NCO%=3.0) can be added to the material. 
40 The supplied amount of these components were as follows: 
Starting material supply flow rate: 1 .5 £/hr. 
Catalyst supply flow rate: 0.5 nrtf/hr. 
Pandex P-870 supply flow rate: 5.0 g/hr. 
The lactide components and the hydroxyl-containing polymer components used were as follows: 
45 L-!actide: 73% 

D-lactide: 4 % 

Hydroxyl-containing polymer: 10 % 
Toluene: 13 % 

As the hydroxyl-containing polymer there was used (P-5). Tin octanoate as a catalyst was supplied in such an 
so amount that the catalyst content reached 250 ppm. The polymer thus obtained was continuously withdrawn from the 
discharge end at the top of the final reaction vessel by means of a gear pump. 
The three reaction vessels used were temperature-controlled as follows: 

Reaction temperature 

in first reaction vessel: 155 °C 
55 Reaction temperature 

in second reaction vessel: 155 °C 

Reaction temperature 

in third reaction vessel: 165 °C 

Reaction temperature 
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in the static mixer: 165 "C / -v f~\ 
Referring to the degasification col Jms. the temperature of the heat exchanger prclJd before the first deqas- 
Atton apparatus was controlled to 220 «C. and the degasification tank was evacuated to 1 10 Torr. The temperlre 
of the heat exchanger prodded before the second degasification apparatus was controlled to 205 »C and the deoasif i- 
cation tank was evacuated to 8 Torr. aegasm 

no.. J^h c 0l K? er !! US 0b,ai ?^ r S Pe " e,iZed - and then measured ,or various P r °P erties and P^sical properties The 
pe He thus obta,ned was a shghtly yellowish transparent resin. The high molecular lactic polyester thus produced was a 
colortess transparent resin having a weight-average molecular weight of 416.000 and a number-averaoe molecular 

7Zn f^z^ T rr ar , ,actic poiyester a ^ <**<« « *** « 

of 1 1 ,000 kgf/cm2 and a Vicat softening temperature of 50 "C. . 
EXAMPLE 16 

is A continuous polymerization apparatus was used having a polymerization zone consisting of a circulating polym- 
enzation bne composing a series connection of four static mixers having an inner diameter of 0.5 in. and a length of 60 
cm. equipped with a circulating gear pump, and a polymerization line comprising a series connection of two static mixers 

d,amete ^ , 3/ l in - 3 len9th ° f 50 Cm (available from Noritake C °- Ltd.: 15 mixing e.ements incor 
porated) directly connected to the circulating polymerization line 

20 nJH^J^f W9S mi h X6d in, ° ^ main Startin9 material Sh0rtly before tne main starti "9 material supply pump by 
means of a static mixer havmg an inner diameter of 1/4 in. and a length of 15.5 cm (available from Noritake Co Ltd 
12 mixing elements incorporated). ' 
A main starting material solution was prepared in an atmosphere of nitrogen gas. In some detail, 78 parts of L- 

2S SSilS? h ; ? r S ° f 3 50 % t0 ' Uene S ° ,L,ti0n ° f an a "P hatic P° ,yester which been process! with 

25 ^ethylene diisocyanate to have a N 

SSSTS ^ % ° f ethy,6ne 9,yC0 ' COmPOnent ' 20 m0 ' % ° f ne ° Pentyl g,yC01 COm P 0nent - 0-5 ni %S 
amethy ene dusocyanate component; weight-average molecular weight: 62.100; number-average molecular weighf 

26,500, (hereinafter referred to as "(P-7)»). and 0.04 part of zinc 2-ethylhexanate as a catalyst were subjected to con- 
tinuous polymerization under the following conditions: 
30 Main starting material supply flow rate: 400 m#hr. 

Catalyst supply flow rate: 1 .6 m#hr. 
Reaction temperature: 160 °G 
Rate of flow to be circulated in 
circulating polymerization line: 2 (Ihr. 
35 Reflux ratio: 5 

d eaa ^ e t i ^ l K r K SOlUti ° n th , U * ° btained was then introdu <*d ^to an apparatus comprising a heat exchanger and a 
degasification bath by an .nsulated gear pump for high viscosity so that it was degasificated. The temperature of the 
heat exchanger provided before the degasification apparatus was controlled to 200 >C. and the degasification bath Zl 
evacuated to 4 to 10 Torr. The high molecular lactic polyester thus obtained was a yellowish E^^SS 
40 was palletized, and then measured for various properties and physical properties 

• m 6 /!^! ° f GPC Sh0W6d that 3 hi9h molecular 'actio copolymer polyester having a weight-averaqe molecular 
weight of 404.000 > and a number-average molecular weight of 208.000 had been produced. The hS^S^ 

2T?JS? ^f"^^ 3 9,355 tranSiti ° n P ° int ° f ab0ut 56 ° C - a mel,in 9 P° int ° f ^ 1 58% a en ile bnsak 
EXAMPLE 17 

ptm^^Mh 0 ' (P : 1) W6re f ^ 2 PartS ° f tol ^2.wnsocyanate and 100 parts of toluene as a solvent The 

atr^ 

nn J2f ' I!!*?"; t0 ' Uene W3S rem ° Ved Und6r redUCed pressure ' Tne uretnane bond-containing aromatic aliphatic 
polyeste asastar^^ 

weight of 43.000 and showed a single GPC peak demonstrating the production of a single produc To 3 paTs o the 

\ >t Z< nTZ ^ " 9 ar ° ma,iC a ' iphatiC PO ' yeSter 35 3 Startin 9 ma,erial were < ha " **5 68 parte oS2 
2 par s of D-lactide^The atmosphere of the system was then replaced by an inert gas. These components were then 

Sit « * 3 ,6mPeratUre 0,110 °° f ° r 1 h0Ur - T ° the reaction mi!rture was *en added 20 pZ o tin 

octanoate as a ring opening polymerization catalyst. 


50 


55 
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Thereafter, the reaction mix| jwas allowed to undergo reaction at a tempep^ure of 165 °C for 1.5 hours. The 
*• f resulting copolymer composition was then withdrawn. The urethane bond-containiri Jctic polyester thus obtained was 
a brownish transparent resin. The result of GPC showed that an urethane bond-containing lactic polyester having a 
weight-average molecular weight of 152,000 and a number-average molecular weight of 88,000 had been produced. 
. 5 The product showed a single GPC peak demonstrating the production of a single copolymer. 1 .8 % of the lactide mon- 
omer remained. The result of DSC showed that the urethane bond-containing lactic polyester exhibits a glass transition 
point of 50 °C and a melting point of 162 °C. The urethane bond-containing lactic polyester also exhibited a tensile break 
stress of 310 %, a tensile break strength of 280 kgf/cm*, an initial tensile elasticity modulus of 9,000 kgf/cm* and a Vicat 
softening temperature of 49 °C. 

w 

EXAMPLE 18 

To 30 parts of (P-1) were added 70 parts of L-lactide. These components were then dissolved and mixed at a 
temperature of 165 °C for 1 hour in an atmosphere of an inert gas. To the reaction mixture was then added 0.02 part of 
15 tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then allowed to undergo reaction for 
8 hours. 

The lactic polyester thus obtained was a colorless transparent resin. The result of GPC showed that a lactic polyester 
having a weight-average molecular weight of 73,000 had been produced. To 99 parts of the lactic polyester were then 
added 1 part of triphenylmethane-4,4\4"-triisocyanate and 100 parts of toluene as a solvent. The atmosphere of the 

20 system was then replaced by an inert gas. To the reaction mixture were then added 50 ppm of tetraethylammonium 
chloride as a catalyst. The reaction mixture was then allowed to undergo reaction at a temperature of 90 °C for 1 hour. 

Thereafter, the reaction mixture was allowed to undergo reaction at a temperature of 165 °C for 1.5 hours. The 
resulting copolymer composition was then withdrawn. The urethane bond-containing lactic polyester thus obtained was 
a whitish transparent resin. The result of GPC showed that an urethane bond-containing lactic polyester having a weight- 

25 average molecular weight of 1 47,000 and a number-average molecular weight of 55,000 had been produced. The product 
showed a single GPC peak demonstrating the production of a single copolymer. 2.0 % of the lactide monomer remained. 
The result of DSC showed that the urethane bond-containing lactic polyester exhibits a glass transition point of 49 °C 
and a melting point of 1 61 °C. The urethane bond-containing lactic polyester also exhibited a tensile break stress of 280 
%, a tensile break strength of 300 kgf/cm*. an initial tensile elasticity modulus of 9,900 kgf/cm* and a Vicat softening 

30 temperature of 47 °C. 

EXAMPLE 19 

The pellet obtained in Example 14 was thoroughly dried, and then extruded through an extruder equipped with a 
35 screw having L/D of 24 and a diameter of 50 mm (available from Tanabe Plastic Co., Ltd.) at an extrusion temperature 
of 190 °C to obtain a 0.15-mm thick sheet having a good transparency. The extrusion was effected at a screw revolution 
speed of 24 rpm, a discharge rate of 16 kg/hr, a back pressure of 86 kg/cm2 and a take-off speed of 6.0 m/min. 

EXAMPLE 20 

40 

The 0.15-mm sheet obtained in Example 17 was formed by a vacuum forming machine (available from Sanwa Kogyo 
K.K.). In some detail, the sheet was heated for 5 seconds, formed and cooled for 5 seconds, and then released from 
the mold in 1 second to form a tray cover for dish. As a result, a formed product having an excellent mold reproducibility 
and transparency was obtained. 

EXAMPLE 21 

The pellet obtained in Example 1 was thoroughly dried, and then blow-molded by a blow molding machine equipped 
with an extruder having a screw having L/D of 25 and a diameter of 40 mm (produced by The Japan Steel Works, Ltd.) 
so to obtain a 60 m£ bottle having an excellent mold reproducibility and transparency. In some detail, the pellet was blow- 
molded at a cylinder temperature of from 170 °C to 1 80 °C, a cylinder head temperature of 180 °C, a mold temperature 
of 32 °C and a discharge rate of 4.2 kg/hr with air blown therethrough from the die core at a rate of 3 kgf/cm?. 

EXAMPLE 22 

55 

The pellet obtained in Example 4 was thoroughly dried, extruded through a 50-mm extruder equipped with a 400- 
mm wide die, and then laminated on a paper having a weight of 200 g/m*. In some detail, the pellet was extruded at a 
cylinder temperature of from 150 °C to 210 °C, a die temperature of 210 °C, a cooling roll temperature of 60 °C, a 
discharge rate of 4 kg/hr, and a line speed of 10 m/min. 
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370 ^TZ^ *" a unifo ™ «*n- and a laminate streQas high as not less than 

COMPARATIVE EXAMPI F 1 

5 

of 1 7?.r°i° ° f L l aCtide , W6re 3dded 15 P3rtS 0< toluene - 1,16 mixture was di ^olved and stirred at a temperature 
of175'C.nanatmosphereofn l trogengasfor0.5hour.Tothereactionmixture W e re 

as a nng opemng polymerization catalyst. The reaction mixture was then allowed to ^SltZ 
After react-on. toluene was removed under reduced pressure. The poly(L-lactic add) Sn« tas a coloripl 
»o transparent resin having a weight-averaqe molecular weioht of ?7onnn\nH , T. 0Dta,necl "a* a colorless 
140,000. The resin exhLed a glass tranlt,^^^^ * 
stress of 6.0 % , a tensi.e break strength of 450 kgf/cr* and an JK^!S1!^lS!!» b,B, * 
COMPARATIVE FYAMPI F 9 

25 COMPARATIVE EXAMPLE 3 

kgS Str6SS " 12 % - 3 tenSile ^ StrSn9th ° f 450 ^ and an "-a. tensile 2S£ mlt of 1 aooo 


35 


COMPARATIVE EXAMPi P 4 


40 


45 


'C, a melting point of about 1 54 °C a tensile break stress of 21 <>/ 1 fit 7, 9 T ,ranSlt,0n P 0 " 1 ' of about 44 
tensile elasticity modulus of 7,600 kgf/cmf ' * br9ak S,r6n9th ° f 390 kg,/cm2 and an initial 


COMPARATIVE EXAMPI F «; 


50 


55 


allowed to undergo ^ ™ ^ m ^ e was then 
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COMPARATIVE EXAMPLE 6 

To 5 parts of (P-2) were added 93 parts of L-lactide, 2 parts of D-lactide and 20 parts of toluene. The mixture was 
dissolved and stirred at a temperature of 175 °C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture 
were then added 0.03 part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then 
allowed to undergo polymerization for 3 hours. After reaction, toluene was removed under reduced pressure. The lactic 
copolymer polyester thus obtained was a colorless transparent resin having a weight-average molecular weight of 
1 61 ,000 and a number-average molecular weight of 83,200. The resin exhibited a glass transition point of about 46 °C, 
a melting point of about 154 °C, a tensile break stress of 7.7 %, a tensile break strength of 410 kgf/cm* and an initial 
tensile elasticity modulus of 7,500 kgf/cm 2 . 


o 


COMPARATIVE EXAMPLE 7 

To 30 parts of (P-1) were added 70 parts of L-lactide and 15 parts of toluene. The mixture was dissolved and stirred 
at a temperature of 165 °C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.03 
part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then allowed to undergo polym- 
erization for 3 hours. After reaction, toluene was removed under reduced pressure. The lactic copolymer polyester thus 
obtained was a colorless transparent resin having a weight-average molecular weight of 73,000 and a number-average 
molecular weight of 37,000. The resin exhibited a glass transition point of about 45 °C, a melting point of about 151 °C, 
a tensile break stress of 78 %, a tensile break strength of 400 kgf/cm2 and an initial tensile elasticity modulus of 7,600 
kgf/cm2. 

COMPARATIVE EXAMPLE 8 


To 5 parts of (P-1) were added 93 parts of L-lactide, 2 parts of D-lactide and 20 parts of toluene. The mixture was 
dissolved and stirred at a temperature of 175 °C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture 
were then added 0.03 part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then 
allowed to undergo polymerization for 3 hours. After reaction, toluene was removed under reduced pressure. The lactic 
copolymer polyester thus obtained was a colorless transparent resin having a weight-average molecular weight of 
144,000 and a number-average molecular weight of 73,000. The resin exhibited a glass transition point of about 44 °C, 
a melting point of about 153 °C, a tensile break stress of 3.5 %, a tensile break strength of 400 kgf/cm2 and an initial 
tensile elasticity modulus of 10,500 kgf/cm 2 . 

The results of the measurement of various properties and TG/DTA (weight loss) of the lactic copolymer polyesters 
obtained in the foregoing examples and comparative examples are set forth in Tables 2 to 8. The following abbreviations 
will be used in these tables. 

Trimellitic acid: TM 

Trimellitic anhydride: TMA 

Pyromellitic acid: PM 
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Pyromellitic anhydride: PMDA 


Table 2 


Materials or properties 

Example 1 

Example 2 

Example 3 

Example 4 

Starting material 





L-LD (parts) 

90 

93 

68 

93 

D-LD (parts) 

0 

2 

2 

2 

Polyester 

P-1 

P-2 

P-1 

P-2 

(parts) 

10 

5 

30 

5 

MwxIOOO" 1 

30.2 

45.2 

30.2 

45.2 

Polyvalent carboxylic acid 

PMDA 

PMDA 

TMA 

PMDA 

(parts) 

0.002 

0.05 

1 

0.002 

Mwx 1000" 1 

315 

356 

110 

517 

% Weight loss 

1.5 

1.7 

7.7 

2.9 

Glass transition point (°C) 

56 

58 

53 

59 

Tensile break stress (%) 

41 

9.6 

230 

12 

Tensile break strength (kgf/crrv*) 

520 

650 

490 

550 

Initial tensile elasticity modulus (kgf/cm*) 

10,100 

13,000 

8,100 

11,900 J 


Table 3 


30 

Materials or properties 

Example 5 

Example 6 

Example 7 

Example 8 


Starting material 






L-LD (parts) 

70 

93 

70 

93 

35 

D-LD (parts) 

0 

2 

10 

2 


Polyester 

P-1 

P-1 

P-1 

P-2 


(parts) 

30 

5 

20 

5 


Mwx 1000" 1 

30.2 

30.2 

30.2 

45.2 

40 

Polyvalent carboxylic acid 

PMDA 

PMDA 

TMA 

PMDA 


(parts) 

0.05 

0.5 

0.002 

0.05 


Mwx 1000*1 

145 

327 

168 

325 

45 

% Weight loss 

7.5 

2.2 

7.8 

3.4 


Glass transition point (°C) 

54 

57 

51 

56 


Tensile break stress (%) 

330 

18 

180 

27 


Tensile break strength (kgf/cm*) 

470 

510 

420 

560 

50 

Initial tensile elasticity modulus (kgf/cm2) . 

8,200 

13,000 

7,900 

12,000 


55 
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Table 4 


Materials or properties 

Example 9 

Example 10 

Example 1 1 

Example 12 

Starting material 





L-LD (parts) 

90 

68 

84 

86 

D-LD (parts) 

0 

2 

5 

4 

Polyester 

P-3 

P-4 

P-5 

P-6 

(parts) 

10 

30 

11 

10 

Mwx 1000" 1 

118 

53.5 

35.1 

53.5 

Polyvalent carboxylic acid 

PMDA 

PM 

PMDA 

TM 

(parts) 

0.14 

1 

0.3 

1 

Mwx 1000" 1 

340 

151 

301 

368 

% Weight loss 

3.3 

8.1 

3.9 

4.2 

Glass transition point (°C) 

55 

53 

53 

55 

Tensile break stress (%) 

28 

270 

28 

30 

Tensile break strength (kgf/cm 2 ) 

460 

400 

500 

490 

Initial tensile elasticity modulus (kgf/cm 2 ) 

1 1 ,000 

7,800 

11.800 

10,900 


Table 5 


Materials or properties 

Example 13 

Example 14 

Example 1 4 

Example 16 

Starting material 





L-LD (parts) 

93 

93 

84 

86 

D-LD (parts) 

2 

2 

5 

4 

Polyester 

P-2 

P-1 

P-5 

P-7 

(parts) 

5 

5 

11 

10 

Mwx 1000~ 1 

45.2 

30.2 

35.1 

62.1 

Polyvalent isocyanate 

Isophorone diisocyanate 

Pandex P-870 

Pandex P-870 

Hexamethylene diisocy- 
anate 

(parts) 

1 

1 

0.4 

1.3 

Mwx1000~i 

291 

275 

416 

404 

% Weight loss 

4.9 

3.2 

3.1 

3.8 

Glass transition point 
(°C) 

55 

54 

52 

56 

Tensile break stress (%) 

39 

72 

58 

40 

Tensile break strength 
(kgf/cm2) 

430 

400 

470 

500 

Initial tensile elasticity 
modulus (kg/cm 2 ) 

12,000 

11,000 

11,000 

14,000 

Vicat softening tempera- 
ture (°C) 

51 

50 

50 

52 
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Table 6 


5 

Materials or properties 

Example 1 7 

Example 18 


Starting material 




L-LD (parts) 

68 

70 


D-LD (parts) 

2 

0 

TO 

Polyester 

P-1 

P-1 


(parts) 

30 

30 


Mwx1000"i 

30.2 

30.2 

15 

Polyvalent isocyanate 

Toluene-2,4<liisocyanate 

Triphenylmethane triisocyanate 

(parts) 

2 

1 


Mwx 1000" 1 

152 

147 


% Weight loss 

3.9 

2.8 

20 

Glass transition point (°C) 

50 

49 


Tensile break stress (%) 

310 

280 


leiibiie DreaK sirengtn (Kgi/crrK) 

280 

300 

25 

Initial tensile elasticity modulus (kg/cm*) 

9,000 

9,900 

Vicat softening temperature (°C) 

49 

47 


30 


Table 7 



Materials or properties 

Comparative 
Example 1 

Comparative 
Example 2 

Comparative Example 3 

Comparative Example 4 

35 

Starting material 






L-LD (parts) 
D-LD (parts) 

100 
0 

70 
0 

90 
0 

70 
10 

40 

Polyester 
(parts) 
Mwx 1000"1 


Tone 
30 

P-1 
10 

30.2 

P-1 
20 
30.2 

45 

Mwx 1000"1 

% Weight loss 

Glass transition point 

CO 

273 
10.3 
57 

123 
15.1 
30 

140 
9.9 
47 

110 
12.1 
44 

50 

Tensile break stress (%) 

Tensile break strength 
(kgf/cm2) 

6.0 
450 

100 
320 

. 12 
450 

21 
390 


Initial tensile elasticity 
modulus (kg/cm2) 

11,000 

6,800 

10,000 

7,600 
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Table 8 


5 

Materials or properties 

Comparative 
Example 5 

Comparative 
Example 6 

Comparative Example 7 

Comparative Example 8 


Starting material 






L-LD (parts) 

68 

93 

70 

93 

10 

D-LD (parts) 

2 

2 

0 

2 

Polyester 

P-1 

P-2 

P-1 

P-1 


(parts) 

30 

5 

30 

5 


Mwx 1000*1 

30.2 

45.2 

30.2 

30.2 

15 

Mwx 1000~1 

78 

161 

73 

145 


% weight loss 

10.9 

11.3 

10.5 

9.1 


Glass transition point 
(°C) 

38 

46 

45 

44 

20 

Tensile break stress (%) 

40 

7.7 

78 

3.5 


i ensue oreaK sirenyin 
(kgf/cm2) 

ouu 



A AA 

25 

Initial tensile elasticity 
modulus (kg/cm*) 

5.800 

7,500 

7,600 

10,500 


The present invention can provide a process for the preparation of a biodegradable high molecular lactic polyester 
30 which exhibits a sufficiently high molecular weight and heat resistance and shows a sufficient rigidity, flexibility and 
transparency depending on the purpose. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be appar- 
ent to one skilled in the art that various changes and modifications can be made therein without departing from the spirit 
and scope thereof. 

35 

Claims 

1 . A process for the preparation of a high molecular lactic copolymer polyester, which comprises allowing a lactide (A), 
a polyester terminated by hydroxyl group at both ends (81), a polyvalent carboxylic acid having 3 or more function- 
ed alities and/or acid anhydride thereof (C) to undergo ring opening copoiymerization in such an amount that the weight 

ratio of (A)/(B1) is from 50/50 to 98/2 and the proportion of the component (C) is from 0.001 to 5 % by weight of the 
sum of the amount of the components (A) and (B1) in the presence of a ring opening polymerization catalyst (D). 

2. A process for the preparation of a high molecular lactic copolymer polyester, which comprises allowing a lactide (A) 
45 and a polyester terminated by hydroxyl group at both ends (B1 ) to undergo ring opening copoiymerization in (A)/(B1 ) 

weight ratio of 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D) to prepare a polyester, 
and then reacting said polyester with a polyvalent carboxylic acid having 3 or more functionalities and/or acid anhy- 
dride thereof (C) in such an amount that the proportion of the component (C) is from 0.001 to 5 % by weight of the 
sum of the amount of the components (A) and (B1 ). 

50 

3. A process for the preparation of a high molecular lactic copolymer polyester, which comprises reacting a polyester 
terminated by hydroxyl group at both ends (B1) with a polyvalent carboxylic acid having 3 or more functionalities 
and/or acid anhydride thereof (C) in such an amount that the proportion of the component (C) is from 0.001 to 5 % 
by weight of the amount of the component (B1) to obtain a polyester terminated by hydroxyl group at both ends 

55 having a weight-average molecular weight of from 10,000 to 300,000 (B2), and then allowing said polyester (B2) 
and a lactide (A) to undergo ring opening copoiymerization in such an amount that the weight ratio of (A)/(B2) is 
from 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D). 
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35 


40 


45 


h Pepanton of a highj-mlecular lactic copolymer polyester, which comf" \> s allowing a dicarboxvlic 
acd, a cW and a polyvalent carbox{ >id having 3 or more functionalities and/or acil XS ther^Sn 
amount of from 0.001 to 5 % by weight to undergo dehydration reaction and/or dB^S^^f ! 
polyester having a weight-average molecular weight of from 10 000to3W oo^^^^^ 
5 (B3) and a lactide (A) to undergo ring opening copolymer! Jon in 

■s from 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D) 9 (AWB) 

5. The process for the preparation of a high molecular lactic copolymer polyester according to any one of Claims 1 tn 

» oi moo; to toSr er terminated by hydrox ^ group at b ° th ends ^ - * 

6. The process for the preparation of a high molecular lactic copolymer polyester according to any one of Claims i tn 

sel^X^H PO yValenl Carb0Xy "' C 3Cid h9Ving 3 ° r more ^«es and/or aS anhydS ^eSTc s 
w sel ^™tnegroupcons,s^ 

7. A process for the preparation of a high molecular lactic copolymer polyester which comnrk^ r^rtino = ™, ^ 
(B„ ,o obtain a potyeste, ,B4, having a mS^^1S£^^S^m^SZ 

reaction vessels is used. "™"*at,nn apparatus compnsing a series eonneotron ol t»o or mo™ agitated 

SI r™^' — MC ™- * - ~» prooess 
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12 
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(54) Process for the preparation of high molecular lactic copolymer polyester 


(57) The present invention provides a process for the 
preparation of a decomposable lactic copolymer polyes- 
ter which exhibits a sufficiently high molecular weight, 
heat resistance and thermal stability and further exhibits 
a rigidity, flexibility and transparency depending on the 
purpose. A novel process for the preparation of a high 
molecular lactic copolymer polyester is provided, which 
comprises allowing a lactide (A), a polyester terminated 
by hydroxyl group at both ends (B1 ), a polyvalent carbox- 
ylic acid having 3 or more functionalities and/or acid 
anhydride thereof (C) to undergo ring opening copolym- 
erization in the presence of a ring opening polymeriza- 
tion catalyst (D); A hovel process for the preparation of 
a high molecular lactic copolymer polyester is also pro- 
vided, which comprises allowing the lactide (A) and the 
polyester (B1 ) to undergo ring opening copolymerization 
in the presence of the catalyst (D) to prepare a polyester, 
and then reacting the polyester with the component (C). 
A novel process for the preparation of a high molecular 
lactic copolymer polyester is further provided, which 
comprises reacting the polyester (B1 ) with the polyvalent 
carboxylic acid component (C) to obtain a polyester ter- 
minated by hydroxyl group at both ends having a weight- 
average molecular weight of from 10,000 to 300,000 
(B2), and then allowing the polyester (B2) and the lactide 
(A) to undergo ring opening copolymerization in the pres- 
ence of the catalyst (D). Another novel process for the 
preparation of a high molecular lactic copolymer polyes- 
ter is provided, which comprises allowing a dicarboxylic 
acid, a diol and the polyvalent carboxylic acid component 
(C) to undergo dehydration reaction and/or deglycolation 


reaction to obtain a polyester having a weight-average 
molecular weight of from 10,000 to 300,000 (B3), and 
then allowing the polyester (B3) and the lactide (A) to 
undergo ring opening copolymerization in the presence 
of the catalyst (D). A formed or molded product of a high 
molecular lactic copolymer polyester prepared by the 
novel preparation process is also disclosed. 
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